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HARDWARE MAINTENANCE MANUAL 


REVISION RECORD : REVISION RECORD 
, 


REVISION DESCRIPTION REVISION DESCRIPTION 
a DESCRIPTION 


A Preliminary release. 
(08-20-86) ae 


Manual released. Due to extensive changes to this manual, no change bars or dots have been used. 
This publication was previously part of publication number 60462210. This edition obsoletes all 
previous editions. 


B 
(11-07-86) 


Manual revised to include: Engineering Change Order 48479 which changes diagrams EXTI-ISI 3.1, 3.2, 
3.3, and 3.5; Engineering Change Order 48330 which changes diagrams I0U 2.4 and 2.5; and Engineering 
Change Order 48633 which changes diagram TPM 3.6. This edition also adda DMA-170 0.0, 1.0 through 
1.6, 2.0, BASI-170 3.0 through 3.8, EXTI-170 3.0 through 3.6, and A/D-170 3.0 through 3.6 diagrams 
and levels 0 and 1 theory of operation; and changes A-l. This edition also adds theory of operation 
for I0U 1.0 through 1.28 and updates the associated I0U diagrams; adds theory of operation for MAC 
3.0 through 3.10; and adds diagrams IPI 0.0, 1.0 through 1.4, 2.0, BASI-IPI 3.0 and 3.1, EXTI-IPI 
3.0 through 3.3, and A/D-IPI 3.0 through 3.6. Because extensive changes are made, change bars and 
dots are not used and all pages reflect the latest revision level. This edition obsoletes all 
editions. 


e 
(08-31-87) 


Manual revised to include: Engineering Change Order 48855 which changes Front Cover, 1-2 and 
diagrams, IPI 0.0, IPI 1.0, IPI 1.1, IPI 1.2, IPI 1.3, IPI 1.4, IPI 2-0, BASI-IPI 3.0, BASI-IPI 3.1, 
EXIT-IPI 3.0, EXIT-IPI 3.1, EXIT-IPI 3.2, EXIT-IPI 3.3, A/D-IPI 3.0, A/D-IPI 3.1, A/D-IPI 3.2, 
A/D-IPI 3.3, A/D-IPI 3.4, A/D-IPI 3.5, A/D-IPI 3.6. This edition also adds IPI theory of operation 
levels 0 and 1. 


D 
(01-30-88) 


E 
(01-30-88) 


Manual revised to include: Field Change Order 48862 which changes diagrams DMA-170 1.0, 
DMA~170 1.1, DMA-170 1.4, DMA-170 2.0, BASI-170 3.2, BASI-170 3.3, BASI-170 3.5, EXIT-170 3.2, 
EXIT-170 3.3, EXIT-170 3.5, and abbreviations pages A-1 and A-2. 


F 
(08-10-88) 


Manual revised; includes Field Change Order 49637. Also includes Engineering Change Orders 49486, 
49487, and 49505. Pages 1-1, 1-3, 1-5, 1-28, 1-30, 1-31, 1-32, 1-43, 2-8, 3A-2, 3A-4, 3A-63, 3A-84, 
3C-9, 3C-22, 3C-26, 3C-29, 3C-30, 3C-32, 3C~33, 3C-38, 3C-40, 3C-42, and A-l are revised. Pages B-1 
and B-2 are added. 


Manual revised; includes Engineering Change Order 49768. Pages 1-2, 1-38, 1-39, 1-41/1-42, 2-3, 
2-4, 2-5, 2-6, 3A-28, 3A-29, 3A-30, 3A-37, 3A-39, 3A-40, 3A~41, 3A-45, 3A~53/3A-54, 3A-60, and 
3A-61/3A-62 are revised. 
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H Marwal revised; includes Field Change Order 49132. Changes pages 2-1, 34-3, and 34-5, 


(09-27-88} 


Publication No. 
60463540 


REVISION LETTERS I, O, Q, S, X AND Z ARE NOT USED. 


Address comments concerning this 
manual to: 


Control Data 
Technical Publications 


© 1986, 1987, 1988 4201 North Lexington Avenue ; 

by Control Data Corporation St. Paul, Minnesota 55126-6198 Publication No 
All rights reserved 60463540 ; 
Printed in the United States of America or use Comment Sheet in the back of 


this manual. 


MANUAL TO EQUIPMENT LEVEL CORRELATION SHEET 


This manual reflects the equipment configurations listed below. 


EXPLANATION: Locate the equipment type and series number, as shown on the equipment FCO log, in 
the list below. Immediately to the right of the series number is an FCOnumber. If that number and all 
of the numbers underneath it match all of the numbers on the equipment FCO log, then this manual 
accurately reflects the equipment. 


EQUIPMENT TYPE COMMENTS 


AT478-A 


AT478-B Released 


AT481-A Released 


AT481-B Released 


AT482-A Released 


AT482-B Released 


AT490-A Released 


AT490-B Released 


AT497~A Released 


49485 
49637 


AT497-B Released 
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EQUIPMENT TYPE 


AT498-A 


AT498-B 


AT501-A 


AT501-B 


AT501-C 


AT509-A 


AT510-A 


WITH FCOs 


48862 
ECO 49485 


Released 


Released 


Released 


Released 


Released 


Released 


Released 
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This manual is for use in training personnel to understand the equipment and for use by CONVENTIONS 


Qualified Engineering Services personnel in maintaining and repairing it. 
New features, as well as changes, deletions, and additions to information in this manual, 


The manual contains the multi-level diagram set for: are indicated by bars in the margins or by a dot near the page number if the entire page is 
affected. A bar by the page number indicates pagination rather then content has changed. 


@ AT478-A Nonconcurrent Input/Output (NIO) Unit 

o AT478-B CYBER 180 Input/Output Unit 

@ AT481~-A Ist Concurrent PP Increment Input/Output (CIO) Unit 
@ AT481~-B IOU DMA Expansion 

@ AT482-A 2nd Concurrent PP Increment Input/Output (CIO) Unit 
@ AT482-B 2nd Concurrent PP Increment Input/Output (CIO) Unit 


@ AT490-A Direct-Memory Access (DMA) Enhanced Intelligent Standard Interface (ISI) 
Channel Adapter 


@ AT490-B Direct-Memory Access (DMA) Enhanced Intelligent Standard Interface (ISI) 
Channel Adapter 


@ AT497-A AT490-A Direct-Memory Access (DMA) Enhanced Intelligent Peripheral Interface 
(IPL) Channel Adapter 


@ AT497-B AT490-A Direct-Memory Access (DMA) Enhanced Intelligent Peripheral Interface 
(IPL) Channel Adapter 


° ATS98-A Direct-Memory Access (DMA) Enhanced CYBER 170 Channel Adapter 
@ AT498-B Direct-Memory Access (DMA) Enhanced CYBER 170 Channel Adapter 
e@ AT501-A CYBER 990 Secondary 14 Conversion Kit 

@ AT501-B CYBER 840/850/860 Secondary 14 Conversion Kit 

@ AT501-C CYBER 994 Secondary I4 Conversion Kit 

@ AT509-A I0U to CYBER 960 CM Interface 


e@ AT510-A IOU to CYBER 994 CM Interface 


60463540 G 


60463540 G 


SYSTEM PUBLICATION INDEX 


CYBER 840S.845S,855S, 840A, B50A,B860A. AND BTOA 
HARDWARE MANUALS 


HARDWARE MAINTENANCE MANUALS 


1/@ UNIT L4 DIAGRAMS 
60462210 
| 
1/8 UNIT LO - L3 THE@RT AND DIAGRAMS 
60463540 


1/68 UNIT WIRE LIST 
60462200 


CP/CM THEORY 
60458170 


CP/CM LO-L3 DIAGRAMS 
€04581 80 
CP/CM L4 DIAGRAMS 
60458190 
CP/CM/LaU MAINTENANCE/ PARTS 
60463440 


CYBER G40S CYBER 840A 
CPO CMC RIPE LIST CPO/CHC WIRE LIST 
60463680 60462970 
CYBER 845S CYBER 850A 
CPOyCMC WIRE LIST CPOYCMC WIRE LIST 
60463460 0462980 
CYBER 55S CYBER GGOA 
CPO/ CWC WIRE LIST CPOVCMC WIRE LIST 
60463470 60451640 


CYBER B40S.8455, AND 8655 CYBER 850A 

CABLES CPIZCMC WIRE LIST 
60463500 0462990 
CYBER 870A 

CPO/CPI/CMC WIRE LIST 
60463530 
CYBER 840A.850A.860A, AND 870A 
CABLES 

60461650 


CM WIRE LISTS 
60461630 


CIO. CP! UPGRADE T/CO iz 
60463600 
; SPM TROBLESOOTING GUICE j 
60463510 pun ere 


POYER AND TEMPERATURE PR@TECT SYSTEMS 
6043322 | 


POAER DISTRIGUTION AND WARNING SYSTEMS 
60461620 


POWER DISTRIBUTION AND WARNING SYSTEMS KIRE LISTS ; 
60461850 | 


: COOLING SYSTEM 
60461610 


TNSTL/ CHECKOUT 
60463420 
KEY 10 LOGIC SYMEQLS 
60459120 


4O-KVA CONTROL CABINET AND ASSGCIATED MGs ; 
60454720 


6O-KVA CONTROL CABLNET AND ASSOCIATED MGs Hild 
6045581 0 


GENERAL DESCRIPTION 
60459960 


SYSTEM MANUALS 


CYBER &40S.645S. AND 8555 
(CYBER ITO STATE) 


HARDWARE REFERENCE MANUAL 
604633390 


CYBER G40A.B50A.860A. AND B70A 
(CYBER 170 STATE) 
HARDWARE REFERENCE MANUAL 
60463560 


CYBER 8405.845S. AND 8565 
(VIRTUAL STATE) 
HARDWARE REFERENCE MANUAL. VOLUME I 
60463400 


CYBER 840A.850A, 860A. AND BTOA 
(VIRTUAL STATE} 

HARDWARE REFERENCE MANUAL. VOLUME I 
0463570 


CYBER 840S.845S. AND 6855S 
(VIRTUAL STATE) 


HARDWARE REFERENCE MANUAL. VOLUME IT 
60463410 


CYBER 840A,850A,860A. AND B70A 
(VIRTUAL STATE? 
HARDWARE REFERENCE MANUAL. VOLUME IT 

60463580 


SITE PREPARATION 
GENERAL INFORMATION 
60275100 


CYBER 840A,850A,860A. AND BOA 
SITE PREPARATION 
MAINFRAME COMPLEX 

60463550 


SECTION 2 
CYBER 8405.845S. AND 8565S 
SITE PREPARATION - SYSTEM DATA 


60463380 
SITE PREPARATION 
PERIPHERAL EQUIPKENT 
0275300 
SITE PREPARATION 
MONITORING AMD PORER DATA 
60451300 


CYBER B40S.945S. AND B55S 
HARDHARE OPERATORS GUIDE 
60463430 


CYBER S40A.850A, 260A. AND BIOA 
HARDHARE OPERATORS GUIDE 
60463590 


; ECL 10K MICR@CIRCULTS 
__ 60417700 . 
MAINTENANCE REGISTERS COOES B2OKLET 
60459110 
~CROES BAZKLET 
60458100 


STANDARDIZED MAINTENANCE 
APPROACH AND QUICK REFERENCE MANUAL 
VOLUME I 
453450 


STANDARDIZED MAINTENANCE 
APPRZACK AND QUICK REFERENCE MANUAL 
VOLUME IT 
60453480 


STANDARDIZED MAINTENANCE 
APPROACH AND QUICK REFERENCE FLO ACHART 
PRXKET CARD 
60463490 


MANUAL BINDERS (GREY): 


I-1/2 X St/2 XB 1/2 - COC&eEeI0 
\-172 x Bl/2 xX II - GOCKRE2O 


I-i72 xX tt xX 17 - GooBTSeO 
{ INCH CQOE BOOK - 6008870) 


SSIEEX 655 § 
GACIESO- 14-4 


SYSTEM PUBLICATION INDEX 


CDC CYBER 180 M@DEL 390 


COC CYBER 9S0E. 995E. 992. 994 
HARDWARE MANUALS 


HARDWARE MAINTENANCE 
MANUALS 
eee: 990E/995€ = 992/934 


CENTRAL PRECESSING UNIT. CENTRAL MEMORY 


CRENTROL. CENTRAL MEMORY (990E. S9SE. 992, 354 BALY) 


THEORY OF OPERATION AND DIAGRAMS LO-L3 
60462100 


CENTRAL PROCESSING UNIT. CENTRAL MEMORY 


CONTROL. CENTRAL WEMORY (990E. S95E. 992, 394 ONLY) 


LOGIC DIAGRAMS L4 
60462190 


INPUT/QUTPUT UNIT 
THEORY @F OPERATION AND DIAGRAMS LO-L3 
60463540 (NI@/CIB). 60000235 (CI@ BALY) 


INPUT/@UTPUT UNIT 
LOGIC DIAGRAMS L4 
60462210 (NI@/CIB), 60000236 (CIS OLY} 


INPUT/BUTPUT UNIT WIRE LISTS 


60462200 (NI@/CI@ WATER COZLED). 


€0000395 (NI@/CI@ AIR CBA@LED). 60000396 (CI@ QNLY) 


POWER DISTRIBUTION AND WARNING SYSTEM 
60461620 


POWER DISTRIBUTI@N AND WARNING SYSTEM 
WIRE LISTS 
60461890 


COBLING SYSTEM 
60461610 


SPM TROVELESH@OTING GUIDE 
60463510 


MAINTENANCE AND PARTS 
&O4621 50 
EAS PRR IE TERETE 


GENERAL DESCRIPTION 
HARDWARE MAINTENANCE MANUAL 


60459960 


INPUT/QUTPUT UNIT 
PQWER AND TEMPERATURE PROTECTION (WATER CQQLED ONLY) 
60433221 


“CENTRAL MEMORY 


CENTRAL PROCESSOR, CENTRAL MEMRY 
INSTALLATION AND CHECKQUT 2PTIONS 
60463700 

SS ee ee 


IQ QPPERATION/ MAINTENANCE (CI@ Q@NLY) 


THERRY OF SPERATION, 60000346 


DIAGRAS, AND WIRE LISTS 


60458330 


INSTALLATI@GN AND CHECKGUT 


60461 310 


CENTRAL MEMORY 


CSCS SA eR ENTE 
CONSOLE SPERATIGN/ MAINTENANCE GUIDE 
60463610 
ee 
CENTRAL MEMORY WIRE LISTS 
60463620 


INSTALLATION CHECKOUT | [INSTALLATIGN AND CHECKOUT 
MAINTENANCE AND PARTS casa : fs 


60458260 


ADIIS-A 
CHASSIS 1 AND 2 
CHECKBUT TABS 

GF 60000248 


ADIIS-A 
CHASSIS | AND 2 
CR&SSTABS 
GF 60000249 


ADIIS-A 
CHASSIS 3 
CHECK@UT TABS 
GF 60000eS2 


ADIIS-A 
CHASSIS 3 
CRA@SSTABS 
GF 60000253 


ADII5-B, ADIIG-A, ADLIS-A 
¥/6T480-A CHASSIS | AND 2 
CHECKSUT TABS 
600M2S) 


IQU BPERATIGN/ MAINTENANCE 
(AIR C@QLED NIG/CIB) 
934 ONLY 
60000345 


ADII6-B. ADIIS-C/D 
CHASSIS | ANO 2 
CHECKQUT TABS 
60000390 


ADII5-B, ADII6-A, ADIIS-A 
W/8T480-A CHASSIS | AND 2 
CROSSTABS 
60000251 


ADI16-B, ADII5-C/D 


ADII5-B, ADII5-A aes) fe 


K/ATSOO-A CHASSIS 3 
CHECKOUT TABS 
60000254 


“ADIIS-8, ADLIS-A 
W/ATSOO-A CHASSIS 3 


CR8ESSTABS 
60000255 


CRBSST ABS 
6000039] __ 


ADII5-C70. ADIIS-B 
W/ATSOO-B. ADI IS-A W/ATSOO-A 
AND ATS00-8 CHASSIS 3 
CHECKOUT TAGS 
60000352 


ADIIS-C7D. ADIIS-B 
¥/ATSOO-B, ADI IS-A B/ATSOO-A 
AND ATSOO0-8 CHASSIS 3 
CROSSTABS 
60000333 


SYSTEM 
MANUALS 


VIRTUAL STATE HARDKARE REFERENCE MANUAL 
VOLLME I 
60462090 


VIRTUAL STATE HARDWARE REFERENCE MANUAL 
VOLUWE IT 
60456890 


CYBER ITO STATE 
HARDWARE REFERENCE MANUAL 
990, 9S0E. 3595€ AND 394 @NLY 
60463290 


SITE PREPARATION 
GENERAL INFERMATION 
60275100 


SITE PREPARATION 


SECTION 2 - MAINFRAME COMPLEX 
60462120 (990), 60463520 (9SCE. ISSE). 
00002 38 (992, 994) 


SITE PREPARATION 
PERIPHERAL EQUIPMENT DATA 
60275300 


“SITE PREPARATION 
WONT TORING AND PARKER DATA 
60451 200 


LOGIC DIAGRAM SYME2LS MANUAL 
VALUMES I AND IT 
604541 20 


ECL NICR2CIRCUITS 
60417700 


STANDARDIZED MAINTENANCE APPR@ACH AND 
QUICK REFERENCE MANUAL VOLUWE T 


64621 10 


STANDARDIZED MAINTENANCE APPROACH AND 
QUICK REFERENCE MANUAL VOLLME IT 
60462111 


CODES BOCKLET 
60458100 


MAINTENANCE REGISTER CODES BOGKLET 
604581 10 


HARDWARE @PERATOR’S GUIDE 
6C460700 


80-kVA CONTROL CABINET AND 
ASSQCIATED W3TRR GENERATGRS 
60455810 


MANUAL BINDERS (GREY): 


1-1/2 X S-1/2 X 8-1/2 - 60086210 
1-1/2 X B-172 x 1 - &0CEEz20 
1-1/2 X 11 X 17 - GOC8TOZO 

1 INCH CQOE Beak - 6008870) 


SYSINCEX 990 E 
60463640-15-C 
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AT478-B/AT481-B Parts Data 


1A2A1 


22 23 24 25 26 27 28 


rne- 


1A2A2 
1213 14 15 16 


9 10 11 


24 25 26 27° 


NOTES: 
Av PROVIDED AS A PART OF AT481-B (IF PRESENT). 


A LOGIC MODULE IS 1HRH IF ATS0S-A IS INSTALLED OR 1JRH IF AT510-A IS INSTALLED. 


Figure 6-3. AT478-B Logic Cage Location Assignments 
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3B-3 PP to T Prime Registere « « « « « © « «@ ee ee ee es ee 
3B-3 PP From T Registers « « « « «© «© © © «© «@ Pe ee ee ee ee 
3B-3 PP to Function Register, Control Register, and PP Word Counter. 
3B-3 PP from Status and Control Registers. . re ee ee ee ee ae 
3B-3 Inter-PP Transfer .« « « « © «© «© © e « «@ eR ae es ee, TE 
3B-3 PP Output Transfer. « « « « © © «© © «@ « ee ee ee ee 
3B-3 PP Input Transfer « + « «© «© «© «©» ee « oe a Ae he a RS 
3B-3 DMA Output Transfer . « « « «© «© ee @ ese ee ea, OC ee, eS 
3B-3 DMA Input Transfer. « « « « « © «© © « « Ss be oe a ee 
3B-3 Test Mode . « « « « «+ «© «© © © © © © © © © 2 i Soe Bose. wee 
3B-4 PP Transfers. « « « « © © © «© «© © © oe eg, eee a: GS ee 
3B-4 DMA Transfers « « -« ae I ws i oe pe dg gh gee. GEOR? Sewer 
3B-4 BASC. Data Input/Output (DMA-170 1.0). i aes Sethe Sw Be ok. ad Teh Ge, va Weegee eu 
3B-4 Adapter Output Register Rank Ie « + « « «© « Pe ee ee ee ee 
3B-4 Adapter Output Parity Checker » . « « « « » a Ss RS 
3B-4 : T Register Data In and Out. «© « « « 2 «© « e is or eR ao ae ee ae. 
3B-4 External Input Data Mux . « 2 «© © © 6 © ee ee we ee ee eee 
3B-4 Register Select Mux... 6 2 ee ee ee eee were eee ees 
3B-4 Adapter Input Register Rank II. ..... -» ee tee eres Be te) ME a 
3B-4 Adapter Input Parity Checker. . « « + eo « in Me Ras Ge ee ea a 
3B-4 Microcode Decode. » « « «+ «ee «© e © ew Sc th es ee ee a es aca, 
3B-5 Channel Flag and Active Flag. . «+ ee ee eee ee ee eens 
3B-5 Adapter Full Flags. ». - +. + + 2 «© + + ee ee eee “4 


3B-5 Control Register, Function Decoding, 
3B-5 Function Register « »« « « « « « 


3B-5 Function Decode PROMs A Through E . « « « « ‘ 
3B-5 Power On Master Clear « « « « «© © © © © @ « . 
3B-5 T Register Read/Write Control . . «+ + -e+e-e-s 
3B-5 DMA Control FF’S. »« « «© « © © © © © © © © . 
3B-5 PP Word Counter .« +6 « «© «© «© «© © © © © © © . 
3B-5 Operational Status Network. « « « «© «© © «© « 2 
3B-6 Control Register. »« « « « « «© © © © © «© © « . 
3B~-6 Force Error DecoderSe « « « « ee ae oe . 
3B-6 Error Status, MAC Interface (DMA-170 Ll. 2) So's ‘ 
3B-6 CM Response Code Translator « « « «© «+ © « « . 
3B-6 CM Function Code. « « « « «© «se ee © we wo 
3B-6 Error Status Network. ». 2. « «© «© «© «© + ee © @ © 
3B-6 Error Status Register ». «+ «+ + e+ «ee eee 
3B-6 MAC Interface Mux, MAC Interface. .« « « « -» ° 
3B-6 Channel Type Identifier... re ee : 
3B-7 Data Output, 12/16 Conversion (DMA-170 aS eer ee er 
3B-/ Output Control Logic. « « « « © «+ © © «© « » . 
3B-7 Output Buffer Address CounterSe « « + « « « ° 
3B-7 Output Resynchronize Network. « « « « « « « ° 
3B-7 Output Resynchronize Buffer .« « « + «© © « « ° 
3B-7 Transmit Register « « « « « «© «© © © © « @ « . 
3B-7 Transmit Enables. « « « « e «© « © e © «© © « . 
3B-7 Empty, Active, Inactive Output Networks . . . 
3B-7 12/16 Converter Input .« « « « « «© se «© « « ‘ 
3B-8 12/16 Conversion Shifter. »« « « « « « « © « . 
3B-9 12/16 Parcel Counter. « «© «© «© © «© © © © © © © 
3B-10 Data Accept Network . « » « « «© « : 

3B-10 Data Input, Error Summing, Clock Peviation (DMA-170 


Operational Status (DMA-170 1 


3B-11 
3B-1l1 | 
3B-11 
3B-11 
3B-11 
3B-11 
3B-11 
3B-11 
3B-11 
3B-11 
3B-12 
3B-12 
3B-12 
3B-15 
3B-15 
3B-15 
3B-15 
3B-15 
3B-15 
3B-15 
3B-15 
3B-15 
3B-16 
3B-16 
3B-18 
3B-18 
33-18 
3b-18 
3B-18 
3B-18 
3B-18 
3B-18 
3B-18 
3B-18 
3B-20 
3B-20 
3B-20 
38-20 
3B-20 
3B-20 
3B~-20 
3B-22 
3B-22 
3B-22 
3B-22 
3B-22 
3B-22 
3B-22 
3B-22 
3B-22 
3B-22 
3B-22 
3B-22 
3B-24 
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Input Buffer Write, Read Control. . . 2. « « « « « 
Input Receivers and Deskew Register . .« « « « « e« 
Input Resynchronize Buffer. .« « « « « «© «© © © © « 
Input Buffer Data Merge .« «© « « « « «6 © « «© « « « 
Error Summing Network « « «© « « « «© © © © © © « « 
Control In Resynchronizer . « « « «6 «6 © © « © « « 
End Transfer Network. « « « « © © « © © © © @ © 
External Clock Tuning Network .« . . . « « « « « « 
External Clock T1/T2 Formation. . .. +. « «eee 
External Clock Detection Network. « « « « « « « « 
Clock Formation and Fanout. « « « « « ee? vs. Se 
Assembly/Disassembly, Control Counters (DMA~-170 1.5). 
Assembly. « « « «© «© © © © © © © © © © © © © © © 
Disassembly «© 2. « « «6 « © © © © © © © © © © © wo 
CounterSe « «6 « «© «© «© © « © © © © © © © © 6 ow 
Channel Go/CM Request/CM Response « « « « « « « « 
T Register, Error Summing (DMA-170 1.6) .....ee-s 
T Register. « « « 6 «© © © © © © © © 0 © © 0 8 8 
T Prime Registere »« « « « « «© © «© © «© © © «© @« « «© 
CM Address to CMI « « « « « « « ° ° eo 8 
DMA Enhanced C170 Channel Adapter (DMA-170. 2. 0) . 


Adapter Output Register, T Register Input/Output (BAST- 170 as 0) ‘ 


External Input Data Mux, Register Select Mux, Adapter Input Ragister (BASI— 170 3. 1) 
B62) ee e ee e@ 


Microcode Decode, Ghaniiel Flag, Active Flag (BASI-170 
Adapter Full Flags (BASI-170 3.3) . ae a ae a 
Function Decode, T Register Control (BASI- 170 3. 4). : 


DMA Control, PP Word Counter, Operational Status Network (BASI- 170. ee 5) 


Control Register, Force Error Decoders (BASI-170 3.6) . 


CM Response and Function Codes, Error Status Network (BAST- SIO 3% ae 


MAC Interface, Channel Type Indentifier (BASI-170 3.8). 


Output Control, Buffer Address Counters, Resynchronize Network (EXTI-170 3. 0) 


Output Data and Control (EXTI-170 3.1). ....e.e..-. 
Input Data, Data Accept Network (EXTI-170-3.2).... 
Input Buffer Read and Write Control (EXTI-170 3.3). . 
Input Buffer, Error Summing Network (EXTI-170 3.4). . 
Control In Resynchronizer, End Transfer Network (EXTI- 


Clock Formation (EXTI- =170 3.6)% 6 «8% ae 
Direct Memory Access Data Assembly Soh -~170 3. 0). a 
CM Data Disassembly (A/D-170 3.1) . cig tee we & 


T Register (A/D-170 3.2). « « « «© ss ese eo ee ee 
CM Address to CMI (A/D-170 3.3) « « « « » «© «© © ew 
Channel Word, CM Word, Response, and Address Counters 
Assembly/Disassembly Control (A/D-170 3.5). ..... 
Error Detector (A/D~-170 3.6). 2. 2. « « «© ee ew ee 


3C. IPI LEVELS 0 THROUGH 3 DIAGRAMS 


DMA Enhanced IPI Channel Adapter (IPI 0.0)...... 
Adapter Overview. « «© « « « « eae eee aera ee a 
Barrel and Slot Interface (BASI). ee as ae, ia an 8 
External Interface (EXTI) . « « «© « «© e » © © @ « 
Assembly/Disassembly (A/D). gS a Rie BS i, ee ee a 
Function Codese « « « « «© « « « « «© © © «© © © © 
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170 3.5)« « % 
(A/D-170 3.4) 


3B-24 
3B-24 
3B-24 
3B-24 
3B-24 
3B-24 
3B-24 
3B-24 
3B-24 
3B-24 
3B-24 
3B-26 
3B-26 
3B-26 
3B-26 
3B-26 
3B-28 
3B-28 
3B-28 
3B-28 
3B-30 
3B-31 
3B-32 
3B-33 
3B-34 
3B-35 
3B-36 
3B-37 
3B-38 
3B-39 
3B-40 
3B-41 
3B-42 
3B-43 
3B-44 
3B-45 
3B-46 
3B-47 
3B-48 
3B-49 
3B-50 
3B-51 
3B-52 
3B-53 


3C-1 


3C-1 
3C-1 
3C-1 
3C-1 
3C-1 
3C-1 


IPI 
IPI 
DMA 
DMA 
DMA 


Internal Functions. . . . .» 
Bus Control Functions .. . 
Channel Functions .« .« « « -« 
Status Register « « « « « -» 
Error Registere « « « « « « 
Control Registere « «© « « « 
Operational Status Register 
Error Status Register .. . 


Data Paths. e e ° e e e s e e e 


PP to T Prime Register. « .- 
PP from T Register. « « « « 
PP to Function Register and 


PP from Error Status, Operational 


Inter-PP Transfer « »« + « « 
PP Output Transfer. « « « « 
PP Input Transfer « « « « e 
DMA Output Transfer ... . 
DMA Input Transfer. .« « « e 


Test Mode e e ° s e e e e e e e 


PP Output Transfer. « « « « 
PP Input Transfer « « « « « 
DMA Output Transfer... . 
DMA Input Transfer. « . « e« 


Barrel and Slot Interface (IPI 1.0) 


DMA 


Data Paths. e e e e e e e e e e 


BAS. Data Buse <<. «. © 6 e -& ~ 
Channel Data BuSe « « « « « 
T Register Data Bus . . « e 


and IPI Arrays, Data Bus, MAC Mux 


Channel Flags and Microcode Translator. 
CM Function Code. «. »« « « « « e« 
CM Response Codes. « « « « « « « 
Error StatuSe « « «© « © « « « e« 
MAC Control . . « « © © « © « « 
MAC Interface .« »« « « « « « « « 


Maintenance Access Control (MAC) Interface. 


Control Register. 
Status, and 
(IPI 1.1) 2. « « 


Data Paths PP to Function Register and Control Register . « « « 


PP from Error Status, Operational 


PP Output Transfer. . « « « 
PP Input Transfer . . « « « 
DMA Output Transfer . .« .« -« 
DMA Input Transfer. ... . 


Test Mode Data Paths. .« « « « « 


PP Output Transfer. . . « -« 
PP Input Transfer . « « « « 
DMA Output Transfer .«.... 
DMA Input Transfer. « « «© « 


Power On One Shot « « « « « « « 
Dead Man Timeout Oscillator . . 
LED: &. S. ws ce eS fa we, Oe 
DMA Array « « « «© « © © « © « e 


Internal Function Codes .. 
Master Clear (0000) . 


Read Random Data Gekenatae (0004) ‘ 


Status, 


and 


Control 


Registers 
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Write Random Data Generator (0014). . 1. 1. 1 6 «© © © © © © © © © ee ew we oe SCHL) DMA Transfer in Progress (56) « «+ «© © © © © © © ee ee ee ee ee es 36-18 


Clear IPL Error (0022). bh AD vale Be eh oe ge BE ace eigen hes hal adh 8, eee Ses Abe a, ee SR ar Ra ee BIGHT IPI Transfer in Progress (57) .o e©« © e © © © © © © © © @© © @ © © @ © @ 8 8 © 3C-18 
Force Error (0X22). o © © ee © © @© © © © @#© © © #© © © © © © 8© © © © © © &© «#8 9» 3C-12 Output Mode (58). oe © © © © © © © © © © © © © 6 © 8 6 8H ee eee eee 30-18 
Set Sync Period (XX42). o © % e eo e © © © © © © © © © © © © © © © © © © @ 3C-12 DMA/IPI Mode (60) . Re Le BAT 56, 0 BBY SR: Be IP ROR a RP 28 BR ge ae Re Ree ae eS acts 


External Clock/Port Select (0x62) diss Sh ale Sa A a eG. a ,  Ga  R ae  BORTS PP/IPI Mode (61)... . ed 
Cleat Error (0100) 6.15 4k. ve. es ek Ae wae ieee Ce Be a WET a hs er RE Se Se ws SORTS Pe tme eg ieeer temp y COs desde ad Pes a Ble eet cats 6a ee 
Read Control Register (0200). . 2. 2. 2 1 «© «© © © © © © © © © oe oe we ow ww et 3CH13 Transfer in Progress (63) «s+ +e © 6 © oe © ee ee ew ew ee ee es ae 
Write Control: Regieter (0300). 6-6 wire ak wow WOM goo we, Sa a Oe ee eS BORIS Error Status Register .. . . ee 
Select: PP from DMA. (0400) «. ava -w: 6-64 Se a Ow Re eR ww He RS KX & BOIS Illegal Function of Sequence (49) a 
Select PP -Co- DMA: C0500): sc: in So Sete ae ce See “he Ge We ad WR a Ge ee ce we. cz, ee SORTS Uncorrectable CM Error (50) « . «6 © «© © © © 6 © © # © oe ee we we ee es 3C-19 
Read Error Status Register (0600) . Ws wor fae oR “Or el Ee SR UR eee BCE CM REGSCE COL) ose eae ee eR RS mea Ss ae GE) StS le Re aa Rie 8 chr we poate 
Read Operational Status Register (0700) og ee ae A eee: a Ted ce, isa: Sho ee “SORIA Invalid Response (52) « 6 © 6 ee ee ee ee we eee ee ee ee ee 
Tilegal. Funetion. (0900): © sa cece ee we ee es Se en Se. a a ee eo BO IG Response Code Parity Error (53) . « © 6 «© © © © @ © we ee ew ee we ew 3C-19 
Read: T Register (OA00).-.« o. o. Wo ay ee Oe ee es ee we we oe we BCHIG CMI Read Data Parity Error (54) 6 6 eee ee ee ee ee eee ee ee ee SCHMI 
Write T Prime Register (OBO00) . 2... 4 6 ee ee ee ee ww we wo ww we 3CH14 EPL Heron: (95) oq sce: @: eels eerie se are Rw WK eae eae eo BOOT 
Select TPL “bo: DMA COCOO) oc a: we 2 So a Se, ee he Se oe Sw, Re eS A ce Oe Se ee RLY DMA Register Parity Error (56). + ee ee ee ee ee ee eee ee ee SCHNI 
Select. DMA to: TRL COD00) oe woe, We a ar es HE ce a ek ae ce 4a a Se le & a i i BORSTA MAC Status Parity Error (57). » 56 © «© © © © © © © © eo ew ww ee ee 3-19 
Clear T Prime Registers: (OE00). «4 6 6% 6 6% 6) wwe 4d we ww ew we * BCHT4 Timeout (58). 2 6 oe te ee ee ee ee eee ee ee ee eee ee eo IND 
Tilegal Funetions: (XR00) sok ai BAe 4% A6i. 4 a ee a ere ea a a a Swe we BORLA A/D Data Error (59) se sce 6 wee eee ee ee ee ee wes 219 
Bus Control Functlone: os: ve ee we Bas oe ee. wt wT Sh le we Be e . BCHT5 BAS Parity Error (60) 2. ee eee eee ee ee eee ee ee ee ee ee SEMI 
Channel Functions ... . a ae RRL Sh RS es GL ie a ee ae. a ee eS Ee SRLS LZ Error (61) 2. 6 6 6 © 6 © © ee ee ee ee we ew ew ew ee es aCe 
Master Terminate (O0A1) . Son, eis Tah Gc es A oP Sa RR ha ae Se ee Se a ee 2 ce BER LS J¥ Error (62) . 6 2 6 6 © © © © se © © oe ee ee ee eee ee ee 20-20 
Attention Present (O00C1l). . Sia ie Fe RE RE SB ae a ae in Weg Be oe ee ee ee CO LX Error (63) . «6 6 6 © © © © & © © 6 © ew ew we ww ew we ee es gGe20 
Read IPI Status Register (00E1) OS RE we at aie S, eS? Ow Bi a Lo a LS. eee Se ONS IPI Array « « « «© © © © © © © © © 8 eh we ee ee ww ew ee ee ee ee ee ees 30-20 
Read IPI Error Register (OOFL). . 1. «ee ees es ee vo ee ww tw ee ew we ew 3G~16 IPI Status Register «eee ee te ee et ee ee ee ee ee ee ee ee  8H20 
Data Transfer Functions (OX81). . . « « « «©» «© © s+ 0 © we wo ww ww ew ww ew BCH16 IPI Error Registers « 6 s + + © © © © © @ © © © © wo © ow ow ee ee ke 
Control, Registers. ac -g: ag- ar we as he a) REO EO: a ACIS ee Ro SLE US ah SS BERIO IPI Data Out Mux, Random Data Generator Transmitters, Receivers (IPI 1.2) . + + s+ sss 30-23 
Enable Cache Invalidate (48). . 1. 2. « « «© © © «© © © © © © © © ee ew tw ww ew 3CH-1G Data Paths. ..».e«e¢eeese sv eee a eevee ve ewe ew eee we hh hl ll 3C-23 
Bnaple: Test: Mode: (SL) i-i8 4: cep a Aah i ies oo hen ee lee cee ae cae “eee ORY ew eee we BERT? PP and DMA Output Transfers . « « + © © © © © © © © © © ee oe we eee ee 3C-23 
Inhibit Test Mode Increment (52). . 2. . 2 1 «ee © eo oe we ew ew ew tw tw ew BCHLT PP and DMA Input Transfers. «6 ee ee ee et ee ee ee ee ee ee ee eo 3OH23 
Enable Transfer In Progress Flag (53) . . 2. 2. « «© «© © © © © © © © © © © © e@ BCH17Z Test: Mode Data Pathee- sess oo 1 ce ei de De, Be es nr ee, el 40 ee en oe SS a we ee ee we cee SCR ZS 
Enable T Prime Empty Flag (54). . 2. « 6 © «© © © © © © © © © © © 0 © ew ow tw ew BCH1L7 PP and DMA Output Transfers . +» 6 « 6 + «© © © © © ew we we we ew we 3C-23 
Enable Force Error Codes (56) . «2. « «ee © «© © © © © © © ew ew ew ww ww BGH17 PP and DMA Input Transfers. . « © © © «© © © © © © © © © ee ew eo ee ee ee 3C-23 
Force Error Codes: (59-63) % 1 s.% «© © 4 8s © & UB! ee ee Rew OA we we BCH Random Data Generator .« .« .»« « « «© «© © © © © © © © © 6 8 oe ee eee eee el 3C-23 
Invert Operational Status Parity Upper, Lower (00, O01). ........ 30-17 Maintenance Transfer Control. «. . ee 
Force T Register Read/Write Counter Parity Error. (02) . ........ 3C-17 Assembly/Disassembly, Control Counters (IPI eg 
Force Function Register Parity Error (03) . 1... « « «© © © © © «© «© «© « 30-17 ASBOMD LY ws we ae ie. oe aie co 26s ae We cw ee iW me RR RE 8 a 8 RE a OR a ee 8 pla 
Force Invalid Response (04) . .... «eee eee oe © © oe oe oe ew ew we 3C-17 Disassembly . 2. . 2 ee ee ee eo ew ew eo oo oh ee we we eee ee ee es 3C-25 
Invert Response Code Parity (05). pe ee 1 6 a Ga a oe, er as ae Se. Re Se ERT Counters. « . ° Se ee ee ee ee eee ee ee Bo2S 
Force BAS Parity Error Upper, Lower (06, 07). Be tekst En 2s ee Ge’ SE ee IO LL Channel Go/CM Request /CM aosponee se Sis Ms ole igh ge GR aa te, JA he cea ee en ta es eet Be et OCF. 
Invert Input Data Parity to BAS (08). . 2. 1. « « © «© «© © © © © © © 6 ow ee BC-17 T Register, Error Summing (IPI 1.4) « «© 2 © «© © © © © © © © ee ee we ee ee ee 3C-27 
Force PP BAS Input Data Parity Error (09) ..... ee ne ie a Oe | Go | T Register’. 4° p26 Sow Be a ee ee Re ay ge 3C-2/7 
Force DMA/IPL Input Data Parity Error Upper, Lower (OA, OB) . . « «© « « 30-17 T Prime Register. « « 2 » © © © © © © © wo eo wo we we we we we eee eee 30-27 
Force Oputput Data Parity Error Upper, Lower (OC, OD) ene Ge ae oe oe. So BE=H=1E CM Address to CMI... . eee ae aS Be Ngee ake Doh dala, dp othe Cbs “a> ae ee 403 BOON, Ge Go Rca ee: ws ar eT 
Force Error Status Register Parity Error Upper, Lower (OE, OF). . .. . 3C-18 DMA Enhanced IPI Channel Adapter (IPI 2.0). ee ee ae oe ee 
Force Channel Input Parity 0, 1 (10, 11)... 2 ee © © © © © © oe ww oe 3CH18 BAS/Channel and T Register Data, CM Function and Response Code (BASI-IPI 3.0) . - + « « 3C-30 
Force T Parity Low (12) ...... Sg. Nesmar sal, aN as Soo ee te A MAC Interface, Channel Flags (BASI-IPI 3.1) « - «© + «© © © © ee ee ee ee ee ees oC et 
Invert Output Parity Upper, Lower (13, Det Bales ee he A Se ORO DMA Array and Data Bus, Channel Data Bus (EXTI-IPI 3.0) . 2 ee ee ee ee ee eh ee 6 SCH32 


Force Address Parity Prediction Error (15). 2... « «© © e © © © © © © © 306-18 

Force Byte Count Equal to Zero (16) . . 2 6 © «© «© © © © © © © © oe ew ew et 3018 

Force Control Register Parity Error (17). . « « « » © © © «© © © © © © «© 30-18 

Force Deadman Timer Counter Parity Error (18) . . 2. «6 6 «© © © «© © « « 30-18 
Operational Status Register . . 2. « 6 «6 6 © © © © © © © © ow © 0 ow ow tw lw tl lw ew 3C-18 
Parity Errors (48 through 53) . 2. ss 6 6 © @ © 6 © 8 6 ee ee we ee vw 3CH18 
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IPI Array, MAC Mux CEXTI-Z£PL Jel) 660 we 40 ue fee See 
Maintenance Transfer Control, IPI Transmitters/Receivers, 

Clock Generator (EXTI-IPI 3.2). . « « ©» «© «© « « « ee tearen te. % 
IPI Data Out Mux, Random Data Generators (EXTI-IPI 3. 3) <A Se 
Direct Memory Access Data Assembly (A/D-IPI 3.0). ..... 0... 
CM Data Disassembly (A/D-IPI 3.1) . «6. 51 1» es ew ee es ww ww 
T Register: {A/D=IPL. Si 2)e- 6. &. 6 ee Se ewe ee Se A a GS 
CM Address to. CMI (A/D=1PL Ba Sy vows ie Boe te a SS Wed we AS We we oe : 
Channel Word, CM Word, Response, and Address Counters (A/D-IPI 3.4) 
Aecenbiy) Disasseubly Control (A/D-IPI 3. ee gost Ab wee: os AS eee Se 
Error Detector (A/D-IPI 3.6). ..... Sein ag, es ee ae eye 


APPENDIXES 


IOU BLOCK DIAGRAM 
ABBREVIATIONS 


Ww > 


FIGURES 


Computer System Elements « « « «6 6 6 «© © © © ew ww 
Function Word Format «<« «6 6 « 6» ¢ 8 6 @°* « » « % % 
Idle Mode Bus Busy/Attention Bit Format. . . «+... ee 


pot pat pe 
I 
W hoe 


TABLES 


1 8-Bit to 9-Bit Tag Conversion. . .... see 

-2 Bus 0/1 Tag Bits 3 Through 7... . «6 «© «© © e we oe 
3 Tag Bits 0 Through 2 .« « 2 6 © © we we ew wo we ww 
4 Function Bits 0 Through 3. . « « « « « « «© © © © wo 

-~5 TPM Function Codes . . . « « 6 «© © «© © © © © 8 
6 DSC Funetion Words « « « « « «© © © © © w ww wo 
7 Horizontal and Vertical Control Signals. ...... 


3C-33 


30-34 
3C-35 
3C-36 
3C-37 
30-38 
3C-39 
3C-40 
3C-41 
3C-42 


1-8 

Lei2 
i=12 
1-14 
1-31 
1-35 
1-36 


Where two diagram sets of the same type are listed, two board versions are supported. 


Equipment must be checked to match diagrams to board. Refer to panel maps. 


TAlso in panel C. 
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-9 NIO 
10 NIO 
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3A-1 Start of a MAC Read/Write Operation 


3A-2 MAC 


Fault Status 1 Information 
Fault Status 2 Information 
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Fault Status 1 Information 
Fault Status 2 Information 


Operations and Opcodes . . 


3A-3 Nanocode Starting Addresses. « «© .« 
3A-4 Nanocode Bits. « 2. - « + + « « 
3A-5 Serial Interface Line Selection. 
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JC/JU 
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JD 
JE/JV 
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JF 
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JG 
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4-101 
4-121 
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4-221 
4—251 
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Panel A 

JQ be tay Mes Os 
JR 53575515. 
JR 22105675. 
Jst 53575516. 
Jst 22130333. 
GET . ecw he RSs 
HR se ee ede 
Panel B 

CQ ee ae 
HK/JK . 2. 2. - 
JL a ee 
JM ae a ee 
JWtt 53575537. 
JW 22105621. 
KBI) «4° %.3 
KR tT (Diagrams 


t Also in panel D. 


located 


tt Also in panels C and D. 


TtTifAlso in panel B. 
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4-351 
4-363 


« 4-375 


4-403 
4-431 
4-660.1 


4-447 
4-473 
4-503 
4-527 
4-555 
4-595 
4-635 
4-661 
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Panels 


KRTTT 
JX 
JX 
JY 
JY 
JZ 


C and D 


53575512. 
22105623. 
53575513. 
22105622. 
22127690. 
22105610. 
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LOGIC SYMBOLS 


CHAN 
RECEIVERS 
AND NOT ARITHMETIC ___ REGISTER. OTHER 
FUNCTION FF. MEMORY LOGICAL AX 
FUNCTIONS ena ECTN L4 SHEET 
dy RNS |. CHANRECELVERS (2) 
EQUIVALENCE EXCLUSIVE 9A A LEVEL 3 DIAGRAM 
A LEVEL | DIAGRAM LEVEL 2° DIAGRAM 
ZX, BOARD TIPE. 
LEVEL 4 SHEET NUMBER. 
ZA LEVEL 3 SHEET NUMBER AND DIAGRAN BLOCK NUNBER. 
BITS 0-2 


Z\ BeaRD LOCATION. 
/A\ FUNCTION HEADING ON LEVEL 4. 
ZA\ A SPECIFIC BOARD APPEARS ONLY ONCE IN LEVEL 2 DIAGRAMS. 


SIGNAL PATHS 


/\-r81Ts 0-7 A BITS 0.1 BITS 0-63 pA BITS 0-3 BITS 0-6 
6) © a) BIT 0 
BITS 8.9 BITS 2-T BITS 4-9 a 
6) 6) pit o | BIT AA A 
BITS 5-9 
NERGE AND BRANCH FANOUT BRANCH AND FANQUT FAN IN MLTIPLE PATH 


As 


BITS 0-4 BLTS 0-3 \. BITS 0-9 O-15y W-45/ BITS O-15/16.1T 2.0 (um).(CIA) 
i}-~S)}-+—— BIT 9 fext}H(0) @ FETCH, (BIT 3) 1G,1T CD 46.47 (1€/2) / } f 
HARDWIRED BITS HARDWIRED BITS ooo Oe OOO PARITY AAAA 

(HEX NOTATION) BIT NUNBER CONVERSIONS DESIGNATION LEVEL 2 


OFFSHEET REFERENCE 


NUMBER @F UNIQUE SIGNALS. L\— x -—A\ 

BIT 0 IS MOST SIGNIFICANT BIT AND BIT 7 THE LEAST SIGNIFICANT BIT. LEVEL 1/3 
QFFSHEET REFERENCE 

NUMBER @F UNIQUE SETS @F SIGNALS. 

A SLASH SEPARATES THE NUNBER @F UNIQUE PARITY BITS FROM THE NUMBER SF UNIQUE DATA BITS BR SIGNALS. 

CENTINUATION @F 64-8IT PATH. 

LEVEL 2 BOARD TYPE. ' 

DIAGRAM LEVEL NUMBER. 

DIAGRAM NUMBER. 

INDICATES CI@ (C QR D PANEL) BRIGIN OR DESTINATION. 

EXTENDS SINGLE BIT INTB ADDITI@NAL BIT P@SITIBNS. 

DIAGRAM BLOCK LETTER. 


THESE SYMBOLS DENOTE THE FUNCTI@N BEING PERFORMED 
REGARDLESS @F THE TYPE @F GATE BEING USED IN THE LOGIC CIRCUIT. 


QUTPUT IS ACTIVE FOR EITHER DECQDED VALLE. 


SEL | INACTIVE AND SEL 2@ INACTIVE SELECT INPUT 0. SEL { ACTIVE AND 
SEL @ INACTIVE SELECT INPUT 1 AND SQ ON. 


EQUIVALENT CIRCUITS. 


ZA\ INVERTS PARITY IF NECESSARY WHEN BITS ARE ADOED TO @R DELETED 
FREN ASSOCIATED DATA. 


NEW DATA ENTERS RGTR WHEN L@AD TERM IS PRESENT. RGTR MAY CONTAIN 
ANY NUMBER QF DATA BITS BR SIGNALS. 


AFTER FF SETS, QNLY THE ARRIVAL OF RESET WILL CLEAR IT. IN EXASPLE 
SHORN. CLOCK LADS SET AND RESET. 


AA FORCE RESET ENTERS FF DIRECTLY. CL2CK L@ADS RESET. 


PEPPPPPPPPPE 


GO FETCH: 


— BITS O-11 
RESPONSE * IF PE 


Nee 


A LOAD DATA XX 


SOLDER-P@INT CONNECTION TO A BRACKET INDICATES SIGNAL IS INPUT T@ ALL BOARDS ADJACENT T@ BRACKET. 
BRACKETS ARE NESTED WHEN CONNECTIONS TB ALL B@ARDS ARE NOT IDENTICAL. 

BRACKETS AL2NG TOP OR BOTTOM BF STACK ARE EQUIVALENT TQ BRACKETS ADJACENT T@ ALL BOARDS IN STACK. 
INPUT OR OVIPUT MAY ENTER @R LEAVE AN INDIVIOUAL BOARD WITHIN THE STACK THR@UGH A BRACKET. 
INDIYIDUAL B@ARDS SH3# THE DISTRIBUTION OF SIGNALS ENTERING @R LEAVING A STACK ALONG A COMAON PATH. 


NBT BAR INDICATES SIGNAL MUST BE ABSENT TQ 
PRODUCE @UTPUT. ABSENCE @F NOT BAR INDICATES 
SIGNAL NUST BE PRESENT T@ PR@OUCE QUTPUT. 


B@LD LINE INDICATES ACTIVE PULSE. ACTUAL VOLTAGE 
LEVELS ARE N@T TA BE INFERRED FRGM DIAGRAM. 


PPPeP 
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IOU (I0U 0.0) 


CONF IGURATION 


The Input/Output Unit (I10U), figure 1-1, consists of a Nonconcurrent I/0 (NIO) Subsystem and 
a Concurrent I/O (CIO) Subsystem. The NIO contains up to 20 peripheral processors (PPs) 
partitioned into four Barrels and Slots (BASs) of five PPs each. The four BASs (BAS 0 
through 3) share access to a maximum of 24 I/0 channels that support CYBER 170 peripheral 


' equipment (channels 0 through 7, 11 through 13, 20 through 27, and 30 through 33). In 


addition, the NIO also has the following special I/O channels. 


@ Channel 10 may be connected to an optional internal Display Station Controller (DSC) 
that interfaces with a CC545 Display Station. If the DSC is not present, a CYBER 
170 I/0 channel may be installed in its place. 


rs) Channel 14 connects to an internal Real Time Clock. 


°e Channel 15 connects to an internal Two-Port Mux (IPM) that initializes the IOU and 
provides two RS-232-C interfaces for CC634 Display Terminals or CC598 System 
Consoles. 


-) Channel 17 (the Maintenance Channel) connects to radial interfaces from which the 
I0U initializes the mainframe elements of the system. The I/O involved in this 
initialization, and in the gathering of system status, is handled by an internal 
Maintenance Access Control (MAC) unit. 


The C1O contains up to 10 PPs partitioned into two BASs (BAS 0 and 1) of five PPs each. 

Each BAS in the CIO has five dedicated, direct-memory access (DMA), I/O channels (channels 0 
through 4 for BAS 0; channels 5g through llg for BAS 1). The DMA channels described in 

this discussion support disk storage equipment having an Intelligent Standard Interface 
(ISI). The DMA capability of these channels allows central memory (CM) references to be 
made during an I/O transfer without PP intervention. However, these transfers must be set 
up and initiated by a PP. 


NIO UNITS 


The next paragraphs briefly describe the functional units of the NIO. 


CENTRAL MEMORY INTERFACE 


The Central Memory Interface (CMI) exchanges CM data between the Assembly/Disassembly Units 
(ADUs) of the IOU and the Central Memory Control (CMC) unit of the computer system. This is 
done in synchronization with the CM clock. The CMI supports both 60-bit and 64-bit CM 
words. The CMI also exchanges CM data between the CMC and the ISI channels of the CIO 
during DMA transfers. 
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ASSEMBLY/DISASSEMBLY UNITS 


Each BAS in the NIO has an associated ADU. In 170 operations, the ADU assembles five 12-bit 
PP words into a 60-bit CM word during a PP write and disassembles a 60-bit CM word into five 
12-bit words during a PP read. In 180 operations, the ADU assembles four b6~bit PP words 
into a 64-bit CM word during a PP write and disassembles a 64-bit CM word into four 16-bit 


words during a PP read. 


BARRELS AND SLOTS 


Each BAS in the NIO contains the necessary circuits to execute the 170 PP instruction set 
and the 180 PP instruction set. The circuits in a BAS form barrels that perform specific 
functions. Each barrel contains five stages (ranks 0 through 4) for the holding and 
processing of instructions or data. A common 50-ns clock enters new or recycled information 
into the barrels each clock period and propagates the information through the barrels. The 
entering stage of a barrel is rank 0 and the slot (action) stage is rank 4. One major cycle 
through a barrel takes 250 ns. The five ranks of all barrels in a BAS collectively 


represent its five PPs. 


The next paragraphs describe the barrels and PP memory (PPM) that are in a BAS. 


A Barrel 

The A barrel processes: 
@ Operands for arithmetic and logical operations 
@ CM addresses (part or all) 
e 1/0 function or data words 


@ Word counts for block I/O operations 


Cc Barrel 


The C barrel performs word conversions for input-packed and output~packed 1/0 instructions. 
For input-packed instructions, the C barrel converts four words from an external device into 
three 16-bit words. For output-packed instructions, the C barrel converts three 16-bit 


words being output to an external device into four words. 


K Barrel 


The K barrel holds the instruction opcodes for the instructions in progress. 


1-1 


CPU 
SBN CM SIRS RN PER LT, ERIE Be PES GRE TOR BEE cae 


INSTRUCTION 
UNIT 
(INU) 


INSTRUCTION 
DECZDE UNIT 
{IDU) 


I 
I 
EXTERNAL 
PR@CESSBR 


ae Soe 


ie aera ae | 


PR@CESS FLOATING 
STATE 
REGISTERS 
Greece eat oy ( PSR ) 


2 PURE RE EN er IG, 


CENTRAL 


INTEGER 
UNIT 
{IGU) 


(UNIT 4) 


Fg ea ee ee een reese eases deem pee ees ee ee 


OE on eee Sey 
QP TIONAL 
CENTRAL ere eat re pe 
MEM2R Y 
SCALAR 
(CM) UNIT 
(SCU) 
(UNIT 6) 
MAINTENANCE ff PERFORMANCE EL 
PROCESSING ACCESS M@NITQRING 
NETWORK CONTRA. =o FACILITY 
(MAC) (PHF) ep pe a Ge a gee eee tere es 
(UNITS 1.2) | 
ouets2 eT Boe Po Gace neers SA Qos oS a Wares Se MERI Servi ee a ae ARES “TOT Se, 
linearis | Iou : nena MAINTENANCE § 2 ARES RUTTEN | 
| SEC@ND aeaeeemme eam ACCESS MAINTENANCE 6 
CPU RADIAL «F CONTROL Og REGISTERS 
| p INTERFACE (MAC) | 
l (UNITS 7.8) g 
LP LI M&F | NON CONCURRENT 1/2 EEE ad aad scat tell 
os SUBSYSTEM DISPLAY §& DISPLAY 
| eit | ES Ree, |) eee ees CHAN 10 STATION | STATION INTERFACE 
/ KK ~ ASSEMBL /- _ Sate: rs CHAN Sa cece 
Ct. P2OPHR; Y/ i (DSC) 
Js BA ‘ ROPR! DISASSEMBLY ff AND I7 CYBER 170 
CENTRAL & (ADU) : (BAS) 
MEMAR Y i 0-3 x 0-3 3 
INTERFACE § chop to 
PORT 3 RS232 INTERFACE 
NOTES: MUX 
/\ EACH M@DEL 990 CM CABINET C@NTAINS SEE] Guan 15 | 
2 ITS). Be oe ae 
IM T2-BLT WORDS (8 SECDED BITS) / CONCURRENT 1/9 cuaners. BcraN 


EXPANDABLE T@ 2M WORDS. EACH SUBSYSTEM 


# 
4.15.17 Fe 14 Aes 


OR TEP a aw 


390E/995E CM CABINET C@NTAINS 2M a ae 
WORDS, EXPANDABLE T@ 8M 'W2RDS. 3 zm ix REAL : 
EXTERNAL PR@CESS@R CANN2T BE ane - BARREL ee ie. 
DISASSEMBLY § AND CHANNELS = & CLOCK § DIRECT MEM@RY 
C@NNECTED T@ CMC WHEN SECQNO { : Renee 
TQU IS INSTALLED UNIT SLOT 0-4, 
. (ADU) { BAS) 5-11 


ora Q.1 


8M WORDS, EXPANDABLE TQ 32M WORDS. 
CI@ CABINET IN FIRST I@U 


IAN CYBER 992/994 CM CABINET C@NTAINS 


(UNIT 10) 


| 
| 
| 
| 
| 
nen 


IS AN QPTION ON CYBER 934. 


Pur SEN RE Oey 6 SAITUEEH OES OE OER EEO OS I CeO OO OE 


S1S-B0 
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P Barrel memory (RAM) within the TPM generate the required displays on the CC545 Display Station, 
CC634 Display Terminal, or CC598 System Console, and process the entries made at the console. 


The P barrel generates the program address that is to be read next in CM. For block I/O or keyboard. 
block CM read/write instructions, the P barrel also generates the address that is to be 
accessed next in PPM. The operator initiating the deadstart may select either a short or long deadstart. With a 


short deadstart, the TPM master clears all the BASs in the IOU and loads the program 
displayed on the screen into the NIO BAS containing logical PPO. If a long deadstart is 
B 1 selected, the TPM generates a test that runs in this BAS for approximately 15 seconds before 
eubarres the loading of the displayed program occurs. However, if the test does not end 
1 i d. 
The Q barrel processes the: successfully, no loading occurs and an error message is displayed instea 


9 PPM addresses of operands for direct-address-mode, indirect-address~mode, and 


memory~-address-mode instructions MAINTENANCE ACCESS CONTROL 
8 I/O channel numbers for I/O instructions The MAC transfers data between the: 
0 PPM addresses for all jump instructions ‘ IOU maintenance registers and BASs 
@ Word counts for block CM read/write instructions r) IOU maintenance registers and TPM 


) BASs and MAC units in other mainframe elements 


R Barrel 
The R barrel holds the starting boundary addresses for CM read/write and exchange operations. MAINTENANCE REGISTERS 

Maintenance registers store fault status and environment information for each part of the 
PP M IOU. Maintenance registers also store status summary information that indicates whether an 
ee error exists in any part of the mainframe. These registers are accessible to any BAS via 


he MAC. 
The PPM in a BAS is used to store: the 


@ PP instructions read from CM 

DISPLAY STATION CONTROLLER 
@ Operands 

The optional DSC handles the I/0 exchanges that occur between a CC545 Display Station and a 
bs Block 1/0 data or block CM read/write data NIO BAS or the TPM. In doing this, he BSC: 


 ) Converts data going to the display station into video signals that control the 
sepesaeeane station’s cathode-ray tube (CRT) beam. 
The TPM i ; e Converts the keyboard generated codes from the display station into American Code 
e contains two asynchronous 1/0 ports with RS-232-C interfaces for connecting CC634 for Information Interchange (ASCII) codes when operations are in 180 mode. 
Display Terminals or CC598 System Consoles. The TPM also contains a calender clock and is 
accessible to all BASs in the IOU. In addition, communication paths exist between the TPM 
MAC, and DSC. , 
REAL TIME CLOCK 
The TPM supports both local and remote deadstarts. During a system deadstart, the TPM 
ee the IOU. Once the I0U is initialized, it initializes the remaining mainframe The Real Time Clock is a free-running counter that increments every microsecond. The Real 
equipment in the system by accessing the storage device used to load software. During a Time Clock is accessible to any BAS. 
deadstart, programs residing in read-only memory (ROM) and battery~backed random-access 
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ClO UNITS 


The next paragraphs briefly describe the functional units of the CIO. 


ASSEMBLY/ DISASSEMBLY UNITS 


The ADUs in the CIO operate the same as their counterparts in the NIO. 


BARRELS AND SLOTS and ISI CHANNEL ADAPTERS 


The BASs in the CIO are identical to those in the NIO. However, each CIO BAS interacts with 
five ISI channel adapters for communications with external devices. Each channel adapter is 
assigned an I/O channel number by which it is addressed by the PPs of the associated BAS. 
The channel adapters are totally controlled by the PPs through the issuance of function 
codes. These function codes are generated using standard PP I/O instructions. 
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The function code from a PP may direct a channel adapter to transfer data between the PP and 
the ISI channel that the adapter is servicing, or the function code may direct the adapter 
to perform a DMA data transfer. With a DMA transfer, the PP sets up and initiates the 
transfer and the channel adapter independently performs the transfer between the CMI and the 
ISI channel. This frees the PP for other processing. The assembly/disassembly of CM words 
in a DMA transfer is done by the channel adapter. 


Function codes also control the signal interchange that occurs between a channel adapter and 
the peripheral controllers connected to ISI channel. These ISI signals are described in the 
applicable Virtual State Hardware Reference Manual, Volume 2 (listed in the system 
publication index in the preface). 
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CHAN CO-11 
MAC DATA 


CI@ CHAN 
ISI DATA 


cIe 


CIQ CHAN 
PP_DATA 


CI2 CHAN 
PORT A.B DATA 


EXTERNAL 
INTERFACE 
(CHAN CO-CII) 


CIO CHAN 
DA DATA 


CHAN CO-11 
MAC_DATA 


CI2@ CHAN 
T RGTR_ DATA 


A/D BUS 0.1 DATA. 


BUS_O.1 ADRS 


(CHAN CO-C1 1) R RGIR DATA 


ADU READ DATA 
PPM_WRITE RANK 3 
MUX_SEL 


MAC PPM ADRS 


R RGTR RAN 3. 
PPNC DATA RANK 4, 
A RGTR RANK 3 DATA. 
PP _RGTR TQ MAC DATA 


ENGL READ FCTN. 
ENBL WRITE FCTN. 
16-BIT ¥2DE RANK 3, 
CM FCIN 


SLOT 


CM_READ DATA/PAR 
Cu TAG BITS 
Cu_RESP CQOE 


(BASC 0.1) 


Cec 


RESP 


FROM CPU MAC 


CHAN 17 RE DATA 


R_RGITR DATA 


PPM_WRITE RANK 3 


CENTRAL CHAN 15 FULLQUT. EMPTYBUT. 


FCTN QUT, ACT QUT, INACT QUT. 
FULL. STATUS. ACT STATUS 


CHAN 15 OR 14 SEL, UTILITY 


CHAN 14 OR IT SEL 


MEMORY 


INTERFACE CHANNELS 


ENBL READ FCTN, 
ENBL WRITE FCTN. 
16-BIT MODE RANK 3 


(Cw) pcaatiae 14.15.17 


DISASSEMBLY 
UNIT 


CHAN 14.15,1T RADIAL, RI DATA Te cPu 


DATA/PAR 


(ADU) 


CYBER 170 INTERFACE FULL. 
EMPTY, ACT. INACT 


CHAN 20-33 DATA 


Ve TB8/FROM 
PERIPHERAL RI/DATA 
CHAN SEL CHANNELS CYBER 170 CHAN DATA DEVICES MAINTENANCE 
CHAN 0-7.11-13 DATA | OTe fits. MAC DATA ACCESS RI 1/2/3 


20-27. 30-33 CONTROL 


(MAC) 


CHAN 10 DATA 


RS232_DATA 


NTO 
TO/FROM 
‘ ALL 
Z80_DATA TERMINAL MAINTENANCE TEST M20E_ CONDITIONS Lt ares 
C545 DATA RGTRS 
CHAN 10: FLAG. FULL, ACT. ERROR FLAG 
MISCELLANEBUS 


ERRBR CONDITIONS 


KEYBOARD 
DATA 
DEVELOPMENT 
DIVISION | 
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CMI READ/WRITE DATA PATHS (NIO) (IOU 1.0) 


The logic circuits shown on this diagram are located on the ADU read (JF) board, the CMI 
control (JG) board, and the CMI data (JH) board. 


CMI READ DATA 


The CMI receives CM data from the CMC in the form of 64-bit words plus 8 parity bits. In 
addition, for each 64-bit word received, the CMI receives returned tag bits from the CMC 
(1.1). These tag bits identify the type of CM request that was made and the requesting 
unit. The decoding of this information is handled by the Tag Bits In F/O circuits (1.1) and 
the CMI Input Buffer Address Decoder and F/O circuits. The bits generated by the CMI Input 
Buffer Address Decoder and F/O circuits select the appropriate path through the IOU for the 


data from CM. 


PP READ DATA PATH 


The path for CM data going to one of the PPs is through the ADU CT Macro Cell Input Data and 
ADU Data Out circuits of the JH board and into the Data In Buffer of the JF board. From 
there, the 64-bit data word goes to the ADU associated with the BAS indicated in the 
returned tag bits. 


The Disassembly Register of an ADU consists of memory circuits that hold up to ten 64-bit 
words. This allows two CM words (identified as odd and even) to be held per PP while 
disassembly is occurring. 


The loading of one of these locations in the Disassembly Register results in an odd/even 
flag being set and a Data Ready signal being sent to the associated BAS. The BAS then sends 
three microcode bits that control the disassembly of the word. 


The 16-bit PP words formed by the disassembly process propagate through the Rank 1 and 

Rank 2 Data Out Registers where they are aligned with an [OU internal 50-nanosecond clock. 
The transfer of CM read/write data between the CMI and CMC occurs in line with an external 
64-nanosecond clock. From the Rank 2 Data Out Register, the 16-bit words go to the Y Mux of 
the associated BAS (1.8 for NIO; 1.26 for CIO). 


ISI CHANNEL READ DATA PATH 


The path for CM data going to the ISI channels in the CIO is through the Bus O or Bus 1 
circuits of the JH board. The Bus O path applies to data destined for ISI Channels 0 
through 4. The Bus 1 path applies to data destined for ISI Channels 5g through llg. 
From the Bus O or Bus 1 circuits, the CM data goes directly to the CIO for disassembly 
(1.22). 


The ISI channel that requested the read data is indicated in the tag bits returned from the 
CMC. 
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CMI WRITE DATA 


Data to be written into CM enters the CMI in the form of 64-bit words with 8 parity bits. 
When the CMI transmits a word to the CMC, the CMI also transmits CM Tag Bits 0 through 7 
(1.2) that indicate the type of write request being made and the requesting unit. 


PP WRITE DATA PATH 


PP data to be written into CM comes from the requesting ADU that has assembled the word. 
This data enters the CMI through the ADU Data Write Buffer, which has eight locations for 
word storage. From there, the data goes through the CMI Out Data Mux and Out Register and 
into the Data Transmitters. The Data Transmitters pass the data to the CMC in 
synchronization with the external 64~-nanosecond clock. 


ISI CHANNEL WRITE DATA PATH 


Data to be written into CM from an ISI channel propagates through the CMI Bus 0/1 Address 
and Data Out Buffer and enters the CMI FIFO Bus 0/1 Out Buffer. This latter buffer provides 
both Bus O and Bus 1 with 16 words of storage. From the CMI FIFO Bus 0/1 Out Buffer, the 
data goes through the CMI Out Data Mux and Out Register and into the Data Transmitters. 


1-6 
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WRITE ADRS BITS O.! 


1E (2) 
IL READ ENB 
- ADU_RESP 
READ ADRS BITS 0.1 
IL (2) 
BUS 0.1 READ ENBL. 
BUS 0.1 @OD/EVEN SEL 
Ix (2x2) 
BUS O/! READ BFR 
WRITE ADRS BITS 3-7. 
BUS O71 READ BFR 
WRITE ENBL 
le (6) 
tE 


Cutc 


CM READ DATA 
BITS O-63/PAR 0-7 


BuS 0.1 DATA 
BITS 0-63/PAR 0-7 


BUS 0,1 WRITE 
ADRS BITS 0-3 


(2x4) 
BuS 0.1 REQ 
@) 


BUS 0.1 READ 
ADRS BITS 0-3 


CM READ DATA 
BITS O-63/PAR O-7 


(64/8) 


ie ma 


BUS | READ ADRS 
BITS 0.1, BUS O READ 
SEL 0-2. BUS O WRITE B 


BUS | DATA 
mee Cc BITS 0-63/PAR 0-7 
BUS | '0.1.2" DATA Zed 
BS I BLTS 0-63/PAR O-T ae eee ae Cs) 
CT MACRO CELL PAR CHECKER 
INP DATA BS | PE 10.11 


(JH24) 


(JHI8. 19.20) 


BUS O READ ADRS 
BITS 0.1, BUS | READ 


INP DATA 
SEL 2-4. BUS | WRITE 
SEL 3. BUS © '2.3,4" DATA Seen opere 
ei BITS 0-63/PaR 0-7 | 9 IN’ DATA eons 
READ ADRS BITS 0.1 ge oot oe BUS 0 DATA 
READ ENOL, WRITE ADRS BUS 0 BITS 0-63/PAR 0-7 


BITS O.!. WRITE ENB 


6) (JH21.22.23) (uHe5) © >—— 22) 
DATA BITS 0-63/ IN? DATA (8) 
CT MACRO CE —~ : 
\ LL 
BUS 0.1 READ 
READ BFR TAG 4-6 INP DATA CM READ DATA 
ADRS BITS (2S) : (JHIT) BITS 0-63/PAR 0-7 
(64/8) (c) 
(GB) ic 
BUS TIM 2 iy 
DATA BITS 0-63/ 
nua READ PAR 0-7 
ATA RCV 
AND F/2 SEL BITS 0.1 
(JHI6) ADU READ ADRS © 
BITS O-2 
26 (3) rel 
a ADU REQ 
ADU DATA 
Adu WRITE, ADRS WRITE BFR BITS O-63/PAR 0-7 OUT RGTR DATA 
BITS 0-2 DATA BITS 0-63/PAR O-T 
= G) (BITS 0-157 ae 
PAR 0.1) (BITS O-157 
ADU WRITE DATA PAR 0.1) DATA 
BITS O-63/PAR O-7 TRANSMITTERS 
3D : 64) (JH2 } (sau 12) Brae ae 
30 (8) 64 NS 
s JA WAVE OK (JHI3.14) 
WRITE ADRS T BUS O FIFQ DATA 
BITS 0-3 BLTS O-63/PAR O-T 
O) 
READ ADRS 
CuI BUS BITS 0-3 
0.1 ADRS 
AND DATA 
QUT BFR BUS 0.1 DATA BUS | FIF® DATA 
0-63/PAR 0.1 BITS O-G3/PAR 0-7 
8.9, 10) 
(JH3.7) 
DATA BITS 0-63/ BASC 0.1. BAS 0-3 BASC 0.1, BAS 0-3 
ae PAR 0-7 Vv DATA BITS 48-63 Ww PAR O-7 X 


(BITS 0-63/ 
PAR 0-7) 


(JF8-12) 


BAS ne Soot BAS 0-3. C O.1 


DATA QUT 


RGIR 
(BITS 0-63/ RGTR 


BASC 0.1, BAS 0-3 PAR 0-7} BASC 0.1, BAS 0-3 RANK | BASC 0.1. BAS O-3 
ADRS BITS 0-19 PAR 0-7 DATA QUT BITS 48-63 
IR (6x20) (JFB-12) (JF 15.16) (FI3.14) 


NOTES: 


|. HEAVIER LINES INDICATE DATA PATHS AND 
M@ST SIGNIFICANT ADRS AND CONTROL. PATHS. 


INP DATA 
PE 0-3 
(4) 146 
Mi JHAO2-ADS 
CML ERROR 
ERR@R LED (4) 
(4) ( JH2T) 
BUT RGTR DATA su oat 
BITS 0-63/PAR O-7 QUT DATA 
PaR CHK @) 
(JH2T) 
CM BITS 0-64 
PAR O-T 


BASC 0.1. BAS 0-3 
CM DATA PE 


(6) 14P,e70 


PAR BASC 0.1. BAS O-3 


(6) ADU READ DATA 
BAS 0-3. C 0.1 BITS 48-63/REGEN PAR 
DATA BUT RGTR ; 
RANK 2 6XIG6/ | 84,264 


(JFI5.16) 


DEVELOPMENT 
DIVISION § 


VEL. | DLAGRAM 
Cur READ/®RITE DATA PATHS 


NIB 


CM RESPONSE AND CM TAG (NIO) (I0U 1.1) 


The logic circuits shown on this diagram are located on the ADU control (JD) board, the ADU 
read (JF) board, the CMI control (JG) board, and the CMI address (JJ) board. 


The returned tag bits for an ADU request also go through the 8-bit to 9-bit conversion 
listed in table 1-1. 


TAG IN CIRCUITS 


The circuits shown at the upper left of the diagram latch the returned tag bits and 
distribute them for decoding to determine which unit will receive the CMC response. When 
the CMC sends a response code for a request, it returns the tag bits that accompanied the 
request and generates the CMC Response signal. Several copies of tag bits are then decoded 
in parallel to determine whether the response is for an ADU serving a BAS or an ISI channel 
of the CIO (Bus 0 of 1). Further decoding then occurs to determine the exact unit, whether 
the response is for CM read data and whether the read data, is for the odd or even portion 
of a Disassembly Register. 


CM RESPONSE CIRCUITS 


The Response Code Deskew and ADU Input Buffer circuits align the CMC response bits with the 
internal 50-nanosecond clock of the IOU and store the response bits if they are for an ADU 
request. If the response bits are for a Bus 0 or 1 request, the bits are stored in the Bus 
0/1 Response Code Memory. The response bits remain stored until the response is 
synchronized with the operation of the requesting unit. 


The response bits are then decoded to determine whether they represent an incorrect response 
(decoding for Bus 0 or 1 is done by the CM Response Code Translator on 1.18). I£ the 
response is incorrect, it is reported in fault status (1.14). 


DATA READY CIRCUITS 


The data ready circuits set a Data Ready Rank 4 signal at slot time when the associated BAS 


is to receive CM read data. This indicates that part of the disassembled CM word requested 
is ready for transfer into PPM. 


ADDRESS MUX 


This ADU multiplexer provides write and read addresses to the associated Disassembly 
Register (1.0). The state of returned tag bit 2 determines whether the odd or even portion 
of the Disassembly Register is addressed. During the write of a CM word into the 
Disassembly Register, the address gated by this multiplexer is based on Tag In Bits 6 
through 8 and Tag In Bit 2. During the disassembly of the CM word, the address gated is 
based on PP Count Bits 0 through 2 (PP in the slot) and Tag In Bit 2. 
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Table 1-1. 8-Bit to 9-Bit Tag Conversion 


8-Bit Tag 9-Bit Tag 
Bits 3 though 7 Bits 3 through 8 
(Octal) (Octal) 


a et oe oi ekeak ee) 


Nr NM H&S bd bo 


3 
3 
3 
3 
3 


5 ee ee ee 


mmm mn 


TNumbers 0 through 5 are the logical BAS numbers for an I0U having 
20 PPs in the NIO and 10 PPs in the CIO. 


1-8 


Cu TAG BITS O-7/PAR 


TAG BITS 
oS IN RGTR 
CMC RESP 
TaG BITS 2.6-8 
PP CNT BITS 0-2 RANK 3 
2J (3) ADRS MUX 
@ (UF2) 
BASC 0,1. BAS O-3 SEL 
JW O-3, sWC 0,1 
ENSL WRITE FCTN 
OM. 23M (6) 
uw 0-3, uwe 0.1 


ADU uQ2DE BITS 0-2.16 
BIT MQ0E RANK 3, 
ENBL READ FCTN 


5N.23M (JF3.4) 
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TAG QUT PE 


TAG IN PE 


NP 


RESP 


TAG BITS 0-7/PAR 


PP CNT BITS 0-2 


(3) 
(4) 


BASS: 0.1. BAS O-3 SEL 


KRC 0.1, KR O-3 
A RGTR RANK 3 
BIT 63 


BASC 0.1, BAS 0-3 
ADRS BITS 0-19 


BAS 0.1. BAS 0-3 
LAST BYTE. FIRST REQ 


B 
es ff BUS 0.1 READ TAG 4-6 Si RESH Coe eS 
CH BITS 0-2/PAR ADU RESP CBDE 
canes CMI ERROR RES oe ADU RESP CaDE 
(JGI9) 14H O epee BITS O-2/PAR 
BS BUS BITS 0-2/PAR 
14H QO. RESP RESP CODE 
BUS CODE MEM PAR CHECKER BUS 0.1 RESP CODE 
E BUS BITS 0-2/PAR 
(OF 


BuS 0.1 RESP CQDE PE 


(JJI8) 


WRITE ADRS 


BITS 0.1 (JJ16.17) 


TaG BITS 
IN F/B 


CHAN 0-4,5-T. 10,11 


eel, TAG BIT eS nee ses EVEN. ODD RESP 
Tt DCOR RGTRS 2 (1 0x2) > 228 
FOR O0D/EVEN (1072) 
CHAN RESP 
BUS 0/1 READ BFR (uty) (D) 
WRLTE ADRS BITS 3-7 (069) CM RESP CQ0E RESP CODE 
BITS 0-2/PAR BITS 0-2/PAR 
Cue —>——(3/ 1) (3/1) 
ADU RESP 


; WRITE ADRS BITS 0.1 


ADU RESP CDE 
BITS 0-2/PAR 


TAG BITS O-7/PAR 


TAG BITS 
IN EFR 


(G7) 


TAG IN 8-3 
BIT CONVERTER 


(JG68) 


14A,2TA 


BASC 0.1. BAS 0-3 
READ Q00/EVEN BIT 


©) 


BAS 0-3. BAS 0.1 
DATA RDY RANK 4 (013) 


(6) 50.230 


BAS 0-3, C 0,1 
DATA RDY 


(FT) 


BASC 0.4, BAS 0-3 
@00/EVEN BIT 


CHAN 0-4,5-T. 10.11 
EYEN. 200 RESP 


EVEN RESP. @0D RESP x ENBL RESP 0.1 


RESP SEL 


CHAN 0-4,5-T. 10.11 
EVEN. @DD RESP 


(JJI9) 


BUS 0.1 20D/EVEN 
SEL, READ ENBL 


O,t. 


BUS 
MEM FCTN BIT 2 


188 OA 
NOTE: 

1. SIGNAL NAMES WITH THE PREFIX BAS 0-3, uw 0-3. PPN 0-3. @R 

KA O-3 HAVE QRIGINS OR DESTINATIONS IN THE NI@ (A & B PANELS). 

SUGNAL NAMES WITH THE PREFIX BASC 0.1. WC Q.1. PPNC O.1 OR eon 

KRC 0,1 HAVE BRIGINS @R DESTINATIONS IN THE CIO , x) 

GB) [REMI cu RESPONSE AND Cu TAG 

2. HEAVIER LINES INDICATE DATA PATHS AND 

MAST SIGNIFICANT ADRS AND C2NTROL PATHS. NIB 


REJECT. UNCORR READ. 
UNCRRR YRITE. RESP CBDE PE 


(4) 


TAG IN PE 


14€.27TD 


CM REQUEST AND TAG OUT BITS (NIO) (10U 1.2) 


This diagram shows the CMI control (JG) board and ADU control (JD) board circuits. 


REQUEST CONTROL AND RESYNC 


The CMI circuits at the top of this diagram control the CM requests from the units within 
the IOU and resynchronize the requests to conform with CMC timing. These requests come from 
the ADUs that serve the BASs and from Bus O and Bus 1 that carry the DMA transfers for the 
ISI channels of the CIO. These internal requests are made independently and may occur 
simultaneously. However, a maximum of only one CM Request can be sent to the CMC each 


external clock period. To compensate for this, the internal requests are honored on a 
priority basis. 


ADU requests have priority every other internal clock period, and Bus O and Bus 1 requests 
share the alternate internal clock period. If no ADU requests are present, priority 
alternates between Bus O and Bus 1 requests. 


Once a request is honored, a pair of bits (Bits 0 and 1) are written into the Request Resync 
Buffer. These bits identify whether the request is an ADU, a Bus 0, or a Bus 1 request. If 
the CMC is not busy, these bits are read from the Request Resync Buffer at the next external 
clock period. These bits are then distributed to select the tag information, CM address, 
and function code from the unit that made the request. In addition, the bits read from the 
Request Resync Buffer cause the appropriate Address Counter for Data Output Buffers to 
decrement and select the data from the unit that made the request. This selection occurs at 
the CMI Output Data Mux and Output Register (1.0). The tag information sent is selected by 
the Tag Bits Output Mux and Transmitters. The CM address and function code sent are 
selected by the CMI Data Mux and Output Register (1.4). 


Instead, if the CMC is busy at the next external clock period, the pair of bits in the 
Request Resync Buffer for the honored request are kept from being read until an external 


clock period occurs and the CMC is not busy. The bits for four requests may be held in this 
manner with the first entered being the first read. 


PP COUNTER 
This counter on the ADU control board outputs bits that: 


e Merge with returned tag bits 6 through 8 and are decoded to determine whether data 
required for a branch has been received. 


e Form the address for writing PP data into the Assembly Registers. 


e Are used by the PP Priority circuits to determine which PP of a BAS has filled the 
associated Assembly Register. 


e Form tag bits 6 through 8, which identify the requesting PP. 
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BAS/PP_PRIORLTY 


The BAS Priority Register determines which BAS in the IOU has priority for accessing CM. 

The need for BAS access to CM occurs when one of the PPs of a BAS has filled an Assembly 
Register for a CM write. When this occurs, the PP Priority circuits indicate the condition 

to the BAS Priority Register. If the condition applies only to one BAS, that BAS is 

selected by default and its associated ADU generates an ADU request to the CMC Request . | 
Control. If the condition applies to more than one BAS, the BAS with the highest priority | 
is selected. The order of priority in effect immediately after an ADU master clear is 
listed below. After that, the order rotates. 


e NIO BAS O (highest priority) 
e NIO BAS 1 

e NIO BAS 2 ! 
e NIO BAS 3 

e CIO BAS 0 


r CIO BAS 1 (lowest priority) 


REQUEST COUNTER 


The Request Counter keeps track of the outstanding ADU requests. If five outstanding ADU 
requests are present, the counter generates the CMI Busy signal until one ADU request is 
processed. While CMI Busy is active, further ADU requests are blocked. 


TAG OUT BITS 


The Tag Bits Out Mux and Transmitters send the tag bits to the CMC during each CM request 
made by the I0U. For Bus 0 or Bus 1 requests, tag bits 3 through 6 are generated by the 

Bus 0 and 1 Tag Out Bits Generator on the CMI control board. Tag bits 0 and 7 for Bus 0 and 
Bus 1 tags reflect the cache invalidate signal and the least significant CM address bit from 
the channels. Bits 1 and 2 for Bus O and Bus 1 tags are constant ones. Table 1-2 defines 
the coding of bits 3 through 7 of the Bus 0 and 1 tags. Table 1-3 defines the coding of 
bits 0 through 2, which applies to all I0U tags. 


For ADU requests, tag bits 3 through 8 are generated by the Tag Bits 3 through 8 Generator Table 1-3. Tag Bits 0 Through 2 


and Fan Out circuit on the ADU control board. Tag bits 0 through 2 for ADU requests are 

generated by the BAS CP Function Bits circuit (1.3) on the ADU write board. The ADU Tag 

Bits Out Register and 9-to-8 Converter circuit on the CMI control board convert the nine ADU 
tag bits to eight bits. This conversion is the opposite of the 8-bit to 9-bit conversion Binary Code Type of Request 
described for diagram 1.1. 
even request 
odd request 
even request 


Table 1-2. Bus O/1 Tag Bits 3 Through 7 Chandel: cequese 


Octal Value ie! ISI Channel 


exchange 2600 
cache invalidate 


exchange 2601 
cache invalidate 
exchange 2602 
cache invalidate 
request 

cache invalidate 


~~ 
KH ONOWUN & WH PH O 
\ 
COC COO RF eee 
PWHeH OF WHF © 


60463540 C 


Basic 


Memory 


Operation 


G2 BUS O, 
BUS |. AND ADU 


( 


Bus 0.1 REQ 


228 (2) 


(Rg — OY REO TO CWI 


(B) TAG QUT PE 


LIN PPO_AT RANK 4 


TaG BITS 3-8 


) (6) 


TAG BITS 0-2/PAR 


216 (2) 


216 (2) 
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REQ 


(UG2) 


ADU TAG BITS 


BUT RGTR AND 
S9T08 C2NVERTER 


(JG10) 


BUS O & | TAG 


ADU REQ IN (F) 


PP CNT 


BITS 0-2 RANK 3 


BAST 0.1, 


BAS 0-3 SET DS FULL 


©) 


PP CNT 
BITS 0-2 RANK 4 


© 


BASC 0.1. 


BAS 0-3 SEL A.B 


ADU REG_IN 


ADU _REQ SUT 


TAG QUT PE 


ADU TAG 
BITS O-7/PAR 


BUS 1 TAG 
BITS 0.3-7/PAR 


BUS O TAG 
BITS 0.3-7/PAR 


OP .0S,45,4X 


REQ RESTNC 
RGTR 


PRIORITY 
CONT 


(G3) 


REQ RESYNC 
BFR 


BITS 0.1 WRITE ENBL (UG4) 


SEL BITS 0.1 


(G3) 


BUS 0.1 
¥RITE ADRS BITS 0-3, 
READ ADRS BITS 0-3 


WRITE ADRS & 


ADU/BUS 0/BUS | sul Gens seas 
WRITE ADRS BITS ey Ah G BLTS 0-2 
0-2, 10-13,20-23 / s 
(UGI6) 3) one 
ADU WRITE ADRS BITS 0-2 BUS 0.1 READ, ADRS 
READ ADRS & (a) - 
ADU/BUS 0/BUS 1 eh 
READ ADRS BITS 
0-2,10-13,20-23 SEL BIT 0.1 


(GIT) 


ADU REQ 
QUT RESTNC 


(JG) 


IR 
‘ K BASS 0, { 1 BAS 0-3 
D5 FULL 
(6x3) x 
SEL BAS 0-3, C 0.1 A 
6) CM REQ Tp OW (5) — 
ge eas PP 0-3. C Ou1 = 
CO. BITS 0-2 READ ADRS BLTS 0-2 
TAG BLTS 3-8, A 
3A (6x3) PAR GEN F/B @) ene 
ANT D5 FULL PP 
(J02.3.4, BAS 0-3. CO. TAG BITS 3-8 
5.6.7) (03.10) Gp... si) 
TaG PAR a 
BASC 0.1. BAS 0-3 
CFL A.B (6) tae 
BAS PRIGRITY 
REO RGTR ( 6x2 ) 
CNTR CNL_BUSY pa 
(014) 
Cu TAG 
i Q BITS O-T/PAR 
4H (C) ae (a1) onc 
2 
+) 
BUS | TaG BUT 
BUS | TAG BITS SiS Dee Pek TAG BITS QUT 
QUT BFR (6/1) ND NOTES: 
|. SIGNAL NAMES WITH THE PREFIX BAS 0-3, JW 0-3. PPM 0-3, BR 
(yGI2) KR O-3 HAVE QRIGINS @R DESTINATIONS IN THE NI@ (A & B PANELS). 
SIGNAL NAMES WITH THE PREFIX BASC O.1. UWC 0,1. PPNC 0.1 OR 
KRC 0.1! HAVE @RIGINS QA DESTINATIONS IN THE CI@ (C & D PANELS). 
BUS 0 TAG BUT 
BITS 0.3-T/PAR 2. HEAVIER LINES INDICATE DATA PATHS AND 
Re 0 eG PLTS ANT ADRS AND CONTROL PATHS. 
QUT BER CM REG cut v@sT Se , | Peete = 
wrwca F LEVEL § DLAGRA pate DENT pees te 
a? Ci REQUEST AND TAG QUT BITS 60463540 
i 1-13 


ASSEMBLY (NIO) (IOU 1.3) 


This diagram shows circuits of the ADU control (JD) board and the ADU write (JE) board that 


The Exchange Interlock logic selects one exchange request and disregards any others until 
serve the BASs of the NIO and CIO. 


the selected exchange request has been accepted by the Central Processor Unit (CPU). The 
selected exchange request and exchange jump address then go to the CMC when the requesting 
PP reaches the slot again. This request is defined in the tag bits sent to the CMC. 


ADU WRITE DATA TO CM 


Data to be written into CM is assembled into 64-bit words in the Bits 0 through 63 Assembly 
Register. One of these registers exist for each BAS. These registers consist of memory 

chips that hold PP data until a CM word is formed. In 170 operations, a CM word is formed 
by combining five 12-bit PP words with four zeros. In 180 operations, a CM word is formed 


Binary Code Desired CMC O ti 
by combining four l6-bit PP words. All five PPs of a BAS may be assembling CM words during 


their slots. Read from CM. 


Table 1-4, Function Bits 0 Through 3 


The internal address used to write PP data into the Bits 0 through 63 Assembly Register 
originates from the PP Counter (1.2). After a CM word has been assembled and the respective 
BAS is selected, the internal address used to read the assembled CM word originates from the 
PP Counter (1.2). This address is the number of the PP (0 through 4) that finished assembly 
first. 


Write to CM. 


Read and set lock - Assembled word from the IOU is ORed by the CMC with 


a word read from CM and the result is written into CM. In addition, 
the original word read from CM is sent to the IOU. 


Read and clear lock - Same as a read and set lock operation except that 
the CMC ANDs th ds. 
ADU TAG AND FUNCTION CODE OUTPUT | e s the words 


The Function and Tag Assembly Register operates similarly to the Bits 0 through 63 Assembly ; ee PE CHC neues an TaUerrpe Corner Crustal to epect tied. by 
Register. The Function and Tag Assembly Register holds Function Bits 0 through 3, Tag Bits 

O through 2, and Data Parity Bits 0 through 4 for an assembled word in the Bits 0 through 63 

Assembly Register. The coding of Tag Bits 0 through 2 is defined in the discussion of 

diagram 1.2. The coding of Function Bits 0 through 3 is defined in table 1-4. 


ADU EXCHANGE CONTROL 


PP instructions 2600 through 2602 provide the IOU with the capability of initiating an 
exchange jump to place the associated CPU into 170 mode. When such an instruction is 
present, the Write Enables and Exchange Request circuits receive notification via Microcode 
Bits 0 through 2 from the BAS with the requesting PP. This sets an exchange busy flip-flop 
(FF) for requesting BAS in the Exchange Request logic, enables the appropriate tag bits, and 
generates an exchange request to the Exchange Interlock logic. 
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GENERATED PAR O-T 


READ ADRS BITS 0-2 A 
2L 3) 8 ADU WRITE DATA PAR 0-7 
ADRS MUX AND | MEM READ ADRS BITS 0-2 (8) »——~- ©P 
PP CNT BITS 0-2 RANK 4 BAS 0-3 @) FCTN BITS 0-3/PAR 
2u (3) (E23) BAS 0-3. af Bi 
ear moe we @. ee ADU WRITE DATA BITS 0-63 
PPMC O.1. PPM O-3 >-——- oP 
PPM DATA RANK 4 E BAS 0-3. € 0.1 (BITS 0-63} QUT RGTR 
BITS 48-63/PAR a PPM DATA BITS 0-15/PAR (GLTS 0-63. TAG BITS _O-2/PAR 
€M,26N —! (6x1 6/1)-——-¢-—{ 6X16) (JE 12) DATA BITS 0-63 PAR.FCTN. TAG) Git) op 
~ @ TAG QUT PE 
BASE O14 Bas-0-5 FCIN BITS 0-3/PAR = 
C4 FCTN . . ADRSVFCTN PE 
BITS 60-63/PAR BAS 0-3. C Ou! eae (4/1) dacauhis ele 
SN. ZN pasllee atlas PAR DATA PAR 0-4 BUT RGTR TAG BITS 0-2 - aus 
SEL F/O G) BITS 0-63.PAR TAG/F 2A 
BAS 0-3, C OI FCTN. TAG 
BAS 0-3, C 0.1 ASSY RGTR FCTN BITS 0-3/PAR RANK 
SEL BAS 0-3. C 0.1 MEM FCTN BITS 0-3/PAR (PAR BLTS 0-4. Cari) (5) 
FCTN, TAG) 
eh ) beck! TAG 0-2/PAR DATA PAR 0-4 
(JEI3,14) (EIB, 19) 
(2x6 ) BAS 0-3, CO.) Gi) 
pasos CB DATA BITS 59.60 
EXCH REO H 
(A); (5) TAG BITS L. TAG PAR. 
: TAG/FCTN PE, TAG PE 
KRC 0.1. KR 0-3 BAS 0-3. C 0.1 one 
A RGTR RANK 3 BITS 62.63 paepsae ores TaG BITS O-2/PAR 
6A.248 (6x2 ) cP_FCTN : 
CENT 2L PA 
WRI (308) PPM aa 0.5 K 
80.260 (6) 
EXCH ACCEPT a 
Ok ©) in 
BASC 0.1 BAS O-3 = 
QSB ERROR RANK O 
4s (6) 
O) XCH_RESP 
; BASC 0.1 OSB ERROR 270 
BAS 0,1. BAS O-3 BAS O-3 @SB ERROR 
D5 FULL 
2k (6x3 ) EXCH REQ 
BASC 0.1. BAS 0-3 
SET D5 FUL ‘i 2B) 
(6) 2K 
EXCH FLAG 
BAS 0-3, CO | 
BAS 0-3. C0 ae ag " 
FCTN, 16-BIT MODE ewe 
WRITE ENBLS 
BANC Gi, ADH VCE BETS re AND EXCH REQ BAS O-3, C OI a 
‘ale chia BAS 0-3, CO.1 
JHC O11, J¥ 0-3 (JE4,5) (6) EXCH ACCEPT 
ENBL WRITE FCTN EXCH G) 26) 
EXCH RESP (014) 
ExCH NOTE: 
CONT IN 1.2.3 
paar : |. SIGNAL NAMES WITH THE PREFIX BAS 0-3. uw 0-3. PPM 0-3. OR 
cc (3) SYNC EXCH RESP () KR O-3 HAVE BRIGINS QR DESTINATIONS IN THE NI@ (A & B PANELS). 
SIGNAL NAMES WITH THE PREFIX BASC Q.!, JHC _O,1. PPMC O.! OR 
chia KRC O.! HAVE QRIGINS OR DESTINATIONS IN THE CIO (C & D PANELS). 


ae 


DEVELOPMENT NI 
DIVISION | 


A4, R4, CM ADDRESS, R DATA (NIO) (IOU 1.4) 


This diagram shows circuits of the R+tA (JC) board and the CMI address (JJ) board. The JC 
board is part of each BAS. 


BAS FORMATION OF CM ADDRESSES 


The CM address used by a BAS when executing a CM read/write is formed from the contents of 
its R Register Rank 4 and/or A Register Rank 4. The CM address used is a real rather than a 
virtual memory address. If bit 46 of the A Register Rank 4 is not set, bits 47 through 63 
of the A Register Rank 4 make up the CM address; or if bit 46 is set, the contents of the 

R Register Rank 4 are also used with the A Register Rank 4 bits to form a relocation address. 


The R Register Rank 4 contains the starting boundary address for CM access. When a 
relocation address is to be formed, the R + A Adders: 


© Perform a twos complement of bits 47 through 63 from the A Register Rank 4 with the 
contents of the R Register Rank 4. 


e Add six zeros to the rightmost end. 
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The formed address then enters the CM Address Store RAMs for holding until any existing PP 
conflict is resolved. 


R-TO-Y DATA MUX 


This circuit gates data to the Y Mux of the associated BAS (1.8 for NIO; 1.26 for CIO) for 
entry into the PPM or a functional register. Depending on the type of PP instruction being 
executed, this data may be a CM address from the R + A Adders, the contents of the 

R Register Rank 0, or data from the MAC (1.13). 


CMI HANDLING OF CM ADDRESSES 


The CMI buffers CM addresses originating from the ISI channels of the CIO and the BASs until 


the associated CM request is sent to the CMC. When the CMI sends the request, it also sends 
the associated CM address, tag information, and function code. 
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C BARREL, I BARREL, K BARREL (NIO) (IOU 1.5) 


This diagram shows circuits of the microcode (JW) board. The JW board is the major portion 
of each BAS. This diagram shows the JW board in use in the NIO, while diagram 1.23 shows 
its use in the ClO. 


PPM DATA REGISTERS 


A set of Rank 2, 3, 4, and 0 PPM Data Registers exist in each BAS. The data propagating 
through these registers has been read from the respective PPM (1.8) and is destined to the 
MAC, TPM, DSC, or a respective 170 I/O channel or the C or K barrel of the BAS. 


K BARREL 


The K barrel contains copies of the opcodes of the PP instructions being executed in the 
respective BAS. The current opcode or other portions of the current instruction word may be 
read by the MAC via the JW MAC Mux (1.4). 


I BARREL AND INSTRUCTION DECODING CIRCUITS 


The instruction decoding and execution control of each BAS is handled by the microcode 
residing in its Microcode Decoders. This microcode decodes the instruction opcode read from 
the respective PPM or the bits from the respective I barrel and generates the micrand bits 
needed to execute the instruction. The first micrand generated for an instruction is based 
on its opcode read from the PPM. If the instruction requires further micrands for 
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completion, they are based on the bits from the I barrel. The multiplex of opcodes and 
I barrel bits is done by the New Function Select Register. 


The bits from the I barrel reflect either a modified instruction opcode or a branch 
address. The Branch 1] ROM and Branch 2 ROM in the I barrel decode the modified opcode for 
branch conditions and generate a branch address as needed. The branch address or modified 
opcode then propagates into the Microcode Decoders at the next slot time for the associated 
instruction. This generates another set of micrand bits one major cycle (250 nanoseconds) 
after the previous associated set was generated. However, some instructions only require 
one set of micrand bits for execution and, therefore, complete in one major cycle. 


C BARREL 


As applicable, the C barrel of a BAS holds the least significant 12 bits of the previous 
word read from the PPM or received by the I/O channel for each PP. The C barrel uses this 
to perform input-packed and output-packed I/0 instructions. 


For an input-packed I/O instruction, the C barrel converts four I/O channel words into three 
16-bit words for the PPM. In doing this, bits 48 through 51 in the original four words are 
omitted. The I/0 channel words to be converted are received by the C barrel via the Channel 


Data Register. The input-packed conversion allows 16-bit PPM words to be read from 12-bit 
external devices. 


For an output-packed I/O instruction, the C barrel performs just the opposite conversion. 
Instead of converting four words into three, it converts three PPM words into four I/0 
channel words. Bits 48 through 51 of the channel words are zeros. 
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A BARREL, R BARREL (NIO) (IOU 1.6) 


This diagram shows register (KR) board circuits in a BAS of the NIO. Diagram 1.24 shows the 
same circuits in a BAS of the CIO. 


A BARREL 


The A barrel of a BAS holds: 
e Arithmetic or logical operands 
e CM addresses (part or all depending on bit 46) 
° I/O function or data words 
e Word counts for block I/O instructions 


The A Barrel Ranks 1 through 3 latch the previously specified information at rank 1 from the 
Shifter Y-to-A Mux and propagate the information to rank 3. At rank 3, the information is 
made available for possible I/O channel transmission (1.5) or for use as, or developing, a 
CM address (1.4). At rank 4, the A Register Rank 4 latches the information and makes it 
available to the A Adder for a possible arithmetic or logical operation, At rank 0, the 

A Bypass Register latches the information for possible return to the A barrel or possible 
storage in the PPM (1.8). 


A ADDER 


The A Adder performs ones complement addition or logical operation for instructions that use 
the contents of A Register Rank 4 and the selected output of the A Adder B Operand Mux as 
integer operands. The operand from the A Adder B Operand Mux depends on the instruction and 
may be from the PPM or the Q barrel (1.7) or a set of biased bits. 


60463540 C 


The result of the addition or logical operation, along with any pending shifts, cycles back 
through the A barrel to replace the original information for that slot. 


SHIFTER Y-TO-A MUX 


This circuit performs left circular shifts or right end-off shifts on A data for shift 


instructions. The result of the shift then cycles back through the A barrel. This circuit 
also provides the A barrel with input from the C barrel (1.5). 


A BARREL PARITY CHECKING 


The A Register Parity Generator regenerates parity after addition or a right end-off shift 
has been performed to A-barrel information. In addition, this circuit generates parity for 
new inputs from the C barrel. 


When information reaches A Register Rank 4 in the barrel, the parity is checked. In 


addition, Separate parity is generated in case the information is going to the PPM or an I/0 
channel. This parity is based on a 12- or 16-bit word, as applicable. 


R BARREL 


The R barrel holds the starting boundary addresses for CM read/write and exchange operations 
being performed in a BAS. Before such an operation, a starting boundary address is loaded 
into the R barrel through the R Mux by a load R instruction. At slot time, the boundary 


address is made available to the R+A Address Counter (1.4) for possible formation of a 
relocation address, 
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P BARREL, Q BARREL (NIO) (IOU 1.7) 


This diagram shows register (KR) board circuits in a BAS of the NIO. Diagram 1.25 shows the 
same circuits in a BAS of the CIO. 


P BARREL AND P SLOT CIRCUITS 


These circuits provide the PPM address where the next PP instruction is located (PPM is on 
1.8). In addition, when a block I/O instruction or block CM read/write instruction is 
executed, these circuits also provide the PPM address for the next data transfer. With such 
block instructions, the following occurs. 


1. The PPM address in the P Slot at the time of the block instruction is replaced with 
the starting PPM address for the data to be transferred in the block operation. The 
PPM address that was replaced is stored in the PPM at address 0. 


2. The PPM address for the data transfer is incremented by 1 each time that a PPM word 
is written/read in the block operation. 


3. After the block operation is completed, the PPM address stored in the PPM at 
address 0 is reinserted in its original position in the P barrel and its value is 
incremented by 1. 

With instruction addresses, the P Slot increments or decrements them by 1 when they reach 
slot time. This provides instruction sequencing and is done using twos complement 


arithmetic. The incremented/decremented addresses then cycle back through the P barrel 
after being passed to the PPM. 


Q BARREL AND Q SLOT CIRCUITS 


The Q barrel and Q Slot circuits of a BAS provide the following. 


e The PPM address of an operand when the instruction being executed uses direct-mode, 
indirect-mode, or memory-mode addressing for operands. 


© The PPM address when a jump instruction is being executed. 


60463540 C 


The word count (number of CM words remaining to be transferred) when a block CM 
read/write is being executed. | 


e The number of the addressed channel when an I/O instruction is being executed. 


The adder in the Q Slot is a ones complement adder. In block CM read/write operations, the 
number of CM words to be transferred are loaded in the Q barrel and the Q Slot decrements 
the number by 1 each time a CM word is transferred. The result of this is made available to 


the A adder input circuits (1.6) each slot time. This is done for possible logical or 
arithmetic manipulations. 


4K/8K MEMORY SELECT CIRCUITS 


In the NIO, diagnostics can switch the PPM from its normal 4K operation to 8K operation. 
This is selectable via Environment Control Register Bit 32 (1.15). When diagnostics select 
8K mode, the 4K/8K Memory Select circuits provide the PPM with the extra address bits needed 
for 8K operation. In addition, in 8K mode, the 4K/8K Memory Select circuits also provide 


the P and Q barrels with the extra data bits needed to correspond with the additional 
addressable PPM, 
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PP MEMORY (NIO) 


This diagram shows PPM (KB) board circuits in a BAS of the NIO. 
circuits in a BAS of the CIO. 


Diagram 1.26 shows the same 


PPM FUNCTIONS 


The PPM provides storage for PP instructions, operands, and 1/0 data. 


PPM CONFIGURATION 


Each BAS has three banks (0, 1, and 2) of RAM for PPM. Each bank contains 16 384 x 22 bits 
of storage [16 384 x 6 bits of RAM is for single-error correction/double-error detection 
(SECDED) code]. PPs 0 and 3 share bank 0, PPs 1 and 4 share bank 1, and PP 2 has sole use 
of bank 2. This provides each PP with 8792 words of storage in 8K mode or 4096 words in 
normal 4K mode. 
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(I0U 1.8) 


The banks of RAM are interconnected with a set of Rank 1 through 4 Registers that hold the 
information propagating to/from the RAM. 


PPM ERROR CHECKING 


Each word to be entered into the PPM is checked for correct parity at rank 1 before its 


parity bits are replaced with six SECDED code bits. As each word leaves the PPM, its SECDED 
code bits are replaced with two parity bits at rank 2. 
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IOU CHANNELS 0-7, 11-13, 20-27, 30-33 (NIO) (IOU 1.9) 


This diagram shows the 170-channel (JL) board circuits of the NIO. 


CHANNEL SELECTION 


All PPs of the NIO have equal access to I/O channels 0 through 13g and 20g through 
33g, The number of the I/O channel for an I/O instruction is indicated by the value in 


the Q barrel. 


EVEN/ODD CHANNEL CONTROL 


The control for the I/O channels is provided by the Even Channel Control circuits and the 


Odd Channel Control circuits. 


60463540 C 


These control circuits are driven by microcode bits from the 


BASS. The control circuits keep track of whether channels are active, full, empty, 
transmitting a function code, or have an error. The control circuits also set/clear channel 


flags. Each I/O channel has a flag that is used by the software to indicate a jump 
condition. 


I/O DATA 


Depending on the I/O instruction being executed, output data to an external device may come 
from the C or A barrel of a BAS or its PPM. These same sources may also be the destination 
for data received from an external device. 


Data transferred over the I/O channels consists of 12-bit words with 1 parity bit. 


CHAN 0-7.11-13, 
20-2T. 3-33 


CHAN 0-7, 15-13. 
20-27. 30-33 INP 


EVEN/ B00 


BITS 52-63/PAR EVEN/200 DATA BITS 52-63/PAR ean Tie 
: CHAN DATA 
INP RECELVERS DATA DESxEY 


CABLING RGTR 


(JULB.15) 


(JLB. 15) 


CHAN O-7.11-13, Cc BAS O-3 CHAN 0-7. BAS 0-3 CHAN O-T. 


20-27 ,.30-33 11-13,20-27.30-33 11-13,20-2T, 20-33 EYVEN/ 200 

DATA BITS 48-63/PAR BAS 0-3 DATA BITS 48-63/PAR DATA BITS 48-63/PAR CHAN BAS 

P3X16/ CHAN SEL MUX 4X23X i6/ | DATA MUX 
@3x16/ 1) 423X167 (BITS 48-637 


PAR) 


(A2-5) 


(L6G. 7.13.14) 


BAS 0-3 CHAN 0-13 
DATA BITS 48-63/P4R 


>— D+ 12 


BAS 0-3 CHAN 14-33 
DATA BITS 48-63/PAR 


<-> 5. 10F 


CHAN n.n+! INSTALLED 
(0/1,2/3.4/5,.6/T. 14. 
12713,20/21 .22/23. 
24/25.26/2T.30/3!.30/33) 


t MHz CLK 


CHAN O-7,11-13, 
20-27 .30-33 SEL 


€0463540 C 


20-2T. 30-33 BAS DATA 


CHAN 0-7,11-13, 


20-27, 30-33 INP DATA 


BITS 52-63/PAR 


CHAN 0-7.11-13, 
BITS 48-63/PAR 


(JL9.16) 


RECELVERS 
(JL8,15) 


R 
JR 0-3 pCQ0E 
BITS 73-75.85 (FLAG) yCBDE 
4x4 BUFFERS 
(JL21) 


EVEtV 20D 


CHAN INT/ 
EXT SEL MUX 


CHAN O-7 eSi-l 3, 
20-27 30-33 DATA 
BITS 48-63/PAR 


CHAN 0-7, 11-13. 
20-2T. 30-33 FuuL IN. 
EwPTyY IN. ACT IN. 


INACT IN 


BAS 0-3 pO2DE 
BITS 73-75.85 


EVEN/ 200 


CHAN DATA 
HDG RGTR 


CHAN O-7.1 I-13, 
20-2T.30-33 DATA 
BITS 48-63/PAR 


€ 


(JL9.16) 


CHAN 0-7,11-13.20-27. 


30-33 FCTN BUT 
CHAN 0-7. 11-13. 


20-27. 30-33 FUL BUT. 
ELPTY QUT. ACT QUT. 
INACT BUT 


BAS 0-3 CHAN 0-7. 
11-13,20-27,30-33 FUL, 
ACT. FLAG, ERROR 


QOD ACT. FUL, 
FLAG. ERR@R EVEN ACT. 
FULL. FLAG. ERROR 


(212,19) ( 2x4 ) 


CHAN 0-7. | 1-13. 
20-27 .30-33 PAR 


@3) 


Paeh aces CHAN O-T, 11-13, 
DAT ND Par | 20-27 30-33 FCTN OUT 
TRANSMITTERS. 3) QUT 
pa I CHAN O-7.11-13. oat 


AND REGEN 20-27 .30-33 DATA QUT 


BITS 52-63/PAR 


@3x12/ 1) 12/ | ? QT 


CHAN O-7.11-13. 
(uLIO.lt. 20-27 .30-33 PE 
17.18) 23) 1SE 
CHAN O-7.11-13. 
20-27 30-33 FULL QUT, 
EVEN/200 ACT QUT. EMPTY BUT. 
INACT QUT 
CHAN CONT 
Te aut 
TRANGALTTER CABLING 
(JL11. 1B) 
M BAS O-3 CHAN 
0-13. 14-33 
STATUS: FULL. ACT. 
CHAN STATUS ERROR. FLAG 
MUX PSV 
(JL20) 
Ss MAC DATA T 
BITS 53-63/64 eee 
MAC DATA (2x5 ) NAC BO2-807.B16-B2! 
MUK DSBL PE EVEN. BDO INTERFACE (12) 
(21) (2) {22) 


NOTE: 


1. HEAVIER LINES INDICATE DATA PATHS AND 
VST SIGNIFICANT ADRS AND CBNTR@L PATHS. 


ZA, 020k SIGNALS ARE USED THROUGHUT THE Idu. 


- ie 
roy 


1=27 


Pio | 


CHANNEL 14 (REAL TIME CLK), CHANNEL 15, CHANNEL 17 (NIO) (IOU 1.10) 


This diagram shows mostly utility (JM) board circuits. The utility channels these circuits 
form are accessible to the BASs of either the NIO or CIO. Such access is obtained through 
I/O instructions that address a utility channel by number. 


CHANNEL 14 
Channel 14 provides BAS access to read the Real Time Clock. The Real Time Clock is a 


free-running counter that increments every microsecond. The Real Time Clock has a 
12-bit output. 


CHANNEL 15 
Channel 15 connects to the TPM (1.11). The TPM initializes the [OU during a deadstart and 
provides a serial, asynchronous communication link for CC634 Display Terminals or CC598 


System Consoles. Such a link allows: 


e The system to be deadstarted by keyboard entries at a local CC634 terminal or CC598 
console. 


@ The system to be deadstarted by keyboard entries at a remote CC634 terminal. 

e 1/0 instructions to be performed over channel 15. 

e BAS access to a calendar clock on the TPM. 
I/O operations over channel 15 are controlled by microcode bits and function codes from the 
BASs. The Channel 15 Microcode Decoder determines from the BAS microcode for what purpose 
the TPM has been selected. The purpose may be to: 

© Send a function code 


) Activate channel 15 


-) Set channel 15 full 
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© Set channel 15 empty 

e Inactivate channel 15 

e Clear an error 

e Clear the channel 15 flag 


If the microcode indicates that a function code is being sent, the TPM Function Decoder 
(1.11) determines what function the TPM is to perform. 


CHANNEL 17 


Channel 17 is the maintenance channel. It connects to the radial interfaces of the I0U 
(1.13) and IOU MAC (1.13). The radial interfaces carry communications to/from the MAC units 
for the system CPU and CM. This allows the operating conditions of the CPU and CM to be 
monitored and controlled by I0U I/O instructions. Such control is used to initialize the 
CPU and CM elements during a deadstart. 


BASC 0.1. BAS 0-3 A 
DATA BITS 48-62/PAR 


CHAN 17 RI DATA 
B c BITS 52-55 


17 INP Mux DATA CHAN 15 


CHAN 17 


aes a ll ee Sgeaa CHAN 17 RI. DAT Cun 15 | gti a65/PAR 
(BITS 49-63/ DATA HLDG RGTR QUT DRIVERS aie ALA DATA INP MUX 
CHAN 17 RI DATA Bias BITS 56-63/PAR (BITS 48-63/ 


BITS 56-63/PaR 


BAX 0.1, BAS 0-3 
DATA BITS 48-63/PAR 


(umi3) (M13) PAR) 


(MI 1.12) 


( JMS.6) 


ZBQ/CHAN 15 DATA 
BITS 48-63/PAR 


CHAN 15 DATA 
BITS 48-63/PAR 


CHAN 15 
QUT ORIVERS 


CHAN 15 
PLDATA HLDG RGIRP 


DATA BITS 


DATA BITS 48-63/ F 
48-63/ PAR 


REGEN PAR 


CHAN 17 
PAR CrECKER 
AtO REGEN 


(unT) (UMT) 


BAS 0-3 CHAN 14-33 
DATA BITS 48-62/PAR 


(uM13) 


CHAN 15 
CHAN 15_PE FLAG RGTR CHAN. 15 _PE SE 


CHAN 14 DATA BASS 0.! CHAN 15.17 ( M4) 
BITS 52-63/PAR DATA BITS 48-63/PAR 
| MHz CLK 
JA RTC REGEN PAR 


CHAN 15 DATA 
BITS 48-63 


CHAN 17 FLAGS: 


MAC FULL. MAC EXPTY, FULL. CHAN FLAG, BAS 0-3 CHAN 14-33 
Me INACT Mi INACT, ERROR N STATUS: FULL.ACT FLAG.ERR@R 
13V (3) (4) (4x4) SP, 5V 
ana BAS O73. 0-11 Bast 0.1 CHAN 15.17 
FLAG RCE CHAN 17 STATUS DRIVERS | statyg: FULL.ACT. FLAG. ERROR 
130 RE/MEH ERROR (Mito) PE SE (4) (Mi B.19) (2x4) 2p 
P CHAN IT FCTN. QUT. R 
ACT. INACT. 
INP, CLR ERROR, Qa 
CHUN 17 CLR FLAG ae 
tay (7) CHAN ITF iP INTERFACE MAC PAIJA 2] ae 1 
CHAN IT ACT, 
a : (wg) CHAN 17 CHAN 17 FULL. «) eo 
e FLAG RGTR CHAN 17 EMPTY, 
CHAN IT INACT 
BY SET FLAG IT (Mid) (4) F:) 


SET FLAG 15 (uit) 


CHAN 15 FLAGS: 
FULL. ACT, 
1 (3) ERROR. FLAG 
CHAN 15 
FLAG RGTR (4) 
Hix ET_CHAN 15 (ua) Y 
CHAN 15 FCTN QUT, 
Giainis CHAN 15 BPTY BUT 
w FLAG RGTR (2) tu 
CODE 
AQ~-AG. BO-B6,CO-C6. M (M4) 
ea 00-D6 .E0-E6 .FO-F6 TRANSLATERS © 
uCBOE OCDR (42) (ae) 
wd) NOTES. 


|. HEAVIER LINES INDICATE DATA PATHS AND 
MOST SIGNIFICANT ADRS AND CANTR@L PATHS. 


TcevEL 1 DIaGkam atoll | Pe 
CHANNEL 14 (REAL TIME CLK) fee 60463540 rc | 
CHANNEL 15. CHANNEL IT cs es 
DIVISION ss ai = 


E 


an 
oy 
J 
bho 
\o 
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TWO PORT MUX (NIO) (I0U 1.11) 


This diagram shows the TPM (JK) board circuits. The TPM is accessible to all the BASs via functions within the TPM. The output data goes either to the DSC, MAC, or channel 15. If 
channel 15. In addition, data paths exist between the TPM, MAC, and DSC. the data is going to channel 15, it goes through the Holding Registers one byte at a time. 
| If the data is from port 0 or 1, two status bits accompany the data byte. 


ROPROCESSOR 
————E————e PP_AND DEADSTART NUMBER COUNTERS 
The Z80 CPU and Bus Drivers (shown at the upper left) are the heart of the TPM. All data 


that comes into or leaves the TPM passes through the 280. The bus drivers are needed These free-running counters are shown at the right. When the Deadstart Master Clear signal 
because the Z80 does not have enough current drive capability to feed all of the chips on (not shown) occurs during a deadstart, it gates the numbers being generated by the Deadstart 
the address bus. The TPM Reset circuit initiates the Z80 to start executing its Number Counters to the Q barrels in the NIO BASs. This informs the PPs which channel they 
initialization routine at address 0 whenever power is applied or a deadstart is initiated. should do an input on. The Deadstart Channel Number Mux is needed because there are 

Switch Drivers convert the ground or +5-volt level coming from the TPM Switch Panel into the different combinations of Deadstart Number Counter bits that can be generated depending on 
tri-state level used on the data bus. the reconfiguration of the system. The multiplexer produces the proper combination of 


counter bits depending on the reconfiguration. 
RS232 Drivers convert the transistor-transistor-logic (TTL) signals from the Universal 


Asynchronous Receiver/Transmitter (UART) to RS232-level signals and the RS232 Receivers do 
vice versa. The UART assembles the asynchronous serial-bit stream into bytes and transfers 
them in parallel form to the Z80. DATA TRANSFERS 


The following paragraphs describe the data transfers performed by the TPM. 


EPROM 

The erasable programmable read-only memory (EPROMs) contain the microcode for the Z80 CC634 DISPLAY TERMINAL OR CC598 SYSTEM CONSOLE TO CHANNEL 15 

microprocessor.e This microcode allows the Z80 to operate either in deadstart or TPM mode. 

In deadstart mode, the main responsibility of the Z80 is to interpret and execute deadstart Data received from a terminal or console comes in serially in an asynchronous RS~232-C 

display commands entered at the keyboard of a CC634 Display Terminal, CC598 System Console, format and is converted into a parallel data byte by the UART. The receipt of a byte by the 

or CC545 Display Station. In TPM mode, the main responsibility of the Z80 is to interpret UART interrupts the Z80. After determining which port generated the interrupt, the 280 

function codes from channel 15 and relay data between channel 15 and ports 0 and 1. reads the byte from the UART of that port. The Z80 then stores any byte going to channel 15 
into a soft FIFO buffer in RAM or directly into a Holding Register if it is not full. 
The RAM contains a separate soft FIFO buffer for port 0 and 1. Each buffer holds up to four 

CHANNEL 15 INTERFACE 10-bit port data words. In the microcode“s main loop, the Z80 checks the buffers for data. 

EER Oe age toy When a byte is found, the Z80 checks whether the associated Holding Register is empty. If 

The channel 15 interface is shown at the bottom. Channel 15 Input Port FIFO Buffers store so, the Z80 sends the byte through the Data Output Port and issues function bits that enter 

all data coming from channel 15 except function codes. Each port has an 8-bit wide by the byte into the Holding Register for port 0 or 1. If the Holding Register is full, no 

64-word deep FIFO buffer. Function codes from a PP take the path that bypasses the FIFO transfer occurs from the soft FIFO buffer. 

buffers. This allows the Z80 to read the 12-bit function code instead of the 8-bit FIFO 

Bak ac When a byte is transferred into a Holding Register, a status bit is generated to indicate 
that the register is full. The PP monitoring channel 15 is responsible for detecting the 

Table 1-5 defines the function codes for the TPM. full Holding Register and gating the data. If this is not done in a timely manner, an 
Overrun may occur in the associated soft FIFO buffer; because the Z80 does not load a new 
byte into a Holding Register until the previous byte has been input. Such an overrun is 
indicated in a status bit, and the last byte received is the one that is overwritten in the 

FUNCTION DATA OUTPUT PORTS soft FIFO buffer by the next incoming byte. 


The Function and Data Output Ports are shown at the upper right. Function and output data 
have separate ports. Function data goes to the Z80 Function Converter and TTL Decoder that 
controls the interface of channels 10, 15, and 17. This decoder also controls various 
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Octal Codef TPM Function 


1x04 


1x05 


1x20-1x26 


1x27 
1x36TT 


1x52TT 
1x53TT 
1x54 TT 


1x55 Tt 
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Table 1-5. TPM Function Codes (Sheet 1 of 2) 


Select port O — Connects TPM port O to channel 15. 
Select port 1 - Connects TPM port 1 to channel 15. 


Deselect port O or port 1 - Disconnects both TPM ports from channel 15 but 
does not affect communications between the TPM and an external device. 


Read deadstart terminal - TPM identifies which terminal initiated a short 
deadstart by returning a word of 000 for the CC545 Display Station, 02116 
for a CC634 Display Terminal on port 0, 022,¢ for a CC634 Display Terminal 
on port 1, 031) for a CC598 System Console on port 0, or 032)¢ for a 
CC598 System Console on port l. 


Read calendar clock - TPM returns eight words of calendar clock data. 


Write calendar clock - TPM writes the six words that 
follow on channel 15 into the calendar clock. 


Read predeadstart copies of P, Q, K, and A barrels - TPM returns the barrel 
values that it stored in RAM prior to the deadstart. The function code 
indicates which BAS the TPM is to return the values for: 


1x20 = NIO BAS 
1x21 = NIO BAS 
1x22 = NIO BAS 


1x24 = CIO BAS 
1x25 = CIO BAS 
1x26 = ALL BASs 


0 
1 
2 
1x23 = NIO BAS 3 
0 
1 


Read predeadstart copies of channel status - TPM returns the values for NIO 
and CIO channel status that it stored in RAM prior to the deadstart. 


Read System Console System Information - PP reads System Console system 
information stored in TPM on the selected port. 


Read Packet Status - PP reads TPM packet buffer status on the selected port. 
Write Packet - PP writes output packet buffer in TPM on the selected port. 
Read Packet - PP reads input packet buffer in TPM on the selected port. 


Clear Packets - PP clears output and input packet buffers in TPM on the 
selected port. 


Table 1-5. TPM Function Codes (Sheet 2 of 2) 


TPM Function 


Read TPM status — TPM returns a word that indicates the status of the 
selected port. 


Octal Codet 


Meaning When Set 


Not used 


59 Output buffer not full 

60 Input data ready 

61 Carrier On signal being received 

62 Data Set Ready signal being received 


Ring Indicator signal being received 


Read port data - TPM returns a word that contains data received by the 
selected port plus port status information. 


Bit Contents 


Data Set Ready indicator 


53 Data Set Ready and Carrier On indicator 
54 Data-in overrun indicator 


55 Data-in framing error or parity error indicator 
Received data 


Write port data - Precedes data from channel 15 that is to be transmitted by 
the selected port. 


Set TPM operating mode - Bits 58 through 63 of the O3xx function code 
specify the type parity and word format to be used on ports 0 and 1 and 
whether the TPM is to loop data back from channel 15. 
Clears the Data Terminal Ready signal on the selected port. 


Sets the Data Terminal Ready signal on the selected port. 


Clears the Request to Send signal on the selected port. 


Sets the Request to Send signal on the selected port. 


Clears the output and input buffers for the selected port. 


tT The decoding of the least significant octal digit of function codes 04x0, 04x11, 05x0, 
O05xl, 7xx0, and 7xxl is based on bit 63 only. Bits 62 and 61 are disregarded. 
TftApplies to systems with CC598 System Console only. 
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i CHANNEL 15 TO CC634 DISPLAY TERMINAL OR CC598 SYSTEM CONSOLE 


Channel 15 can write data to a terminal or console via either port 0 or 1. This type 
transfer is initiated by channel 15 issuing an octal 02xx function code, which goes to the 
TPM Function Decoder for decoding. Only one port can be selected for a transfer at a time. 
If the hardware FIFO buffer for the selected port is not full, the TPM returns an Empty 
signal back to channel 15 to indicate that the transfer may proceed; or if the FIFO buffer 
is full, the TPM returns an Inactive signal. 


With an Empty signal returned, channel 15 transfers a data byte consisting of the least 
significant eight bits. The byte enters the appropriate Channel Input Port FIFO Buffer 
where it takes about 16 microseconds to propagate through the buffer. When the byte reaches 
the output of the buffer, a control signal is set that makes the Z80 read the byte through 
the Data Input Port. The Z80 then sends the byte to the UART for conversion to RS232-C 
serial data before being transmitted to the terminal or console. 


PACKET DATA (CC598 System Console Only) 


Some of the data transfers the TPM performs involve data formatted into packets. A packet 
is a sequence of bytes formatted such that the sequence is treated as a block of data. Some 
packet transfers occur between a PP on channel 15 and the system console. In this case, the 
TPM simply passes the packet through. Other packet transfers occur between the TPM and the 
system console; channel 15 is not involved. 


Packet Read Data 


When packet data is sent from the system console to either the TPM or the PP, the packet 
first arrives at the TPM“s UART on one of the ports. From there it transfers to the RAM. 
If the transfer is between the system console and the TPM, the packet transfer is complete. 
However, if the transfer is between the system console and a PP. on channel 15, the PP must 
issue a read packet function on channel 15 and input the packet data from the RAM. The TPM 
transfers this data to the non-RS232 holding register one byte at a time until the entire 
packet has been transferred to the PP. 
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Packet Write Data 


The FE on channel 15 sends packet data to the system console by first issuing a write packet 
function. The PP then writes packet data into the TPM’s RAM. After the data is in RAM and 


channel 15 is disconnected, the TPM sends the packet to the system console through the UART 
on the selected port. 


TRANSFERRING OF MAC DATA 


The 280 can either read from or write to the MAC. Data read from the MAC comes in on the 
bidirectional data line shown to the right of the RI Bus Drivers. This data is gated 
through a multiplexer in the Display Controller/Radial and Channel 15 Interfaces and goes 
through the Input Data ECL/TTL Converter. The Input Data ECL/TTL Converter changes the 
negative signal levels that are sent from channel 17 into the TTL levels which the Z80 


uses. The data (Muxed Data Bits 56 through 63) then goes through the Data Input Port and 
into the Z80. 


The Z80 converts the data to ASCII code and generates display headings and screen 


coordinates. If the transfer is to the CC634 terminal or CC598 console, the Z80 sends the 


byte to the UART. If the transfer is to the DSC, the Z80 sends the byte through the Data 
Output Port. | | 


rar written to the MAC goes from the Z80 through the Data Output Port and out the RI Bus 
rivers. 


TRANSFERRING OF DSC DATA 


Data from the Z80 to the DSC passes through the Data Output Port. Data from the DSC to the 


-Z80 (CC545 Data Bits 55 through 63) goes through the Input Data ECL/TTL converter, passes 


through the Data Input Port, and into the Z80. When keys are being pressed at the CC545, . 
the Z80 reads the key characters one at a time and assembles them in a buffer contained ii 
the RAM. In most cases, the Z80 assembles the characters until a carriage return occurs and 
then decodes the charactér string into a Z80 command.. However, the Z80 recognizes some 
single-character commands before any carriage return. 


1=32 


PORT O,) BAUD 
SEL A.B.C 


PRRT O DATA IN. 
PORT | DATA IN 


RS222 (2) 


MUXED DATA 
BITS 56-63 


6-63 


DATA T@ CHAN 15 
BITS 52-63 


G; (2) 
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PORT as FIF@ DATA 
$5 


RESET 


DATA BUS 
BITS 56-58.61-63 


SWITCH 
DRIVERS 


(JK4) 
(3.0) 


DATA BUS 
BITS 56-63 


DATA BUS 
BITS 56-63 


@) 


RS232 DRIVERS 
AND RCVRS. 
PORT 0.1 UART 


CREST DATA BUS BITS 56-63 


(3.1) 


DATA BUS BITS 56-63 


DATA BUS BITS 56-63 


(8) 


CHAN 15 FCTN QUT 
CHAN 15 EMPTY BUT 


Z60 CPU AND 


BUS DRIVERS 


(JK2) 
(3.0) 


(8) DATA BuS 
BITS 56-63 


PORT O DATA BUT. 
PORT | DATA QUT 
(2) RS232 


107 (2) 
ZB0/ CHAN 15 
BITS 52-57,63 
ZBO/CHAN 15 
CHAN 15 BITS 48-63/PAR 
BUS DRIVERS Gp 
(JUKI4) 
(3.4) Z80/CHAN 15 
BITS 48-63 
© DISPLAY 
Biroeece CONTRELLERZ 
RADIAL AND 
(A) (8) CHAN [5 
CC545 DATA INTERFACES 
BITS 56-63 (uK16) 
128 (8) (3.2) 


ADRS BUS 
BITS 50-63 


© 


Z80/CHAN 15 
BITS 48-63/ PAR 


MUXED DATA 
BITS 56-63 


(@) 


igs - 


Cc 
780 DATA QUT ZB0/ RI 
BITS 56-63 RI BUS BITS 56-63/PAR 
(8) DRIVERS Ep ‘as Pare I3C 
(YKI5) 
780 DATA QUT ioe) @ i) 
BITS 56-63 
: (8) 12E 
FE NON-RSZ32 DATA 
BITS 56-63 NON RS2Z32/CAL 
CLK DATA 
BITS 56-63 


ZBO DATA QUT Ff 280 DATA QUT 
BITS 56-63 BITS 56-63 


(8) é 


FCTN DATA 
BITS 56-63 


FCTN AND DATA 
BUT P@RTS 


(UKIO) 


(3.1) (8) 


MUXED DATA 
INP DATA BITS 56-63 


(8) 


CUKIT) 


P2RT O DATA 
BITS 54-63 


DATA T@ CHAN 15 
TPM STATUSY BITS 52-63 


PORT | DATA 


BITS 54-63 eb 6 6 
(uKI3) 
(3.4) 
FCTN RGTR 
L BITS 57,58. M PP RECONFIG 
60-63 BITS 53-63 
(6) (5)—— 137 
FCTN DATA N ey 
BITS 53-83 R BITS 89.0 PECTS 1-3.55-60 P 


BAS 0-3 0S CHAN 
BITS 59-63/ PAR 


>— 19.258 


PPO_AT RANK 4 2J 


NIB EC BITS 43-47 


156 (5) 


(JK24.25) 
(3.7) 


TPM FULL. TPM EMPTY. 
TPM IN 


Z60/ CHAN 15 
BITS 48-63/ PAR 


PBRT 0.1 FIF@ DATA 
BITS 56-63 


NOTES: 


1. HEAVIER LINES INDICATE DATA PATHS AND 
MAST SIGNIFICANT ADRS AND CONTRBL PATHS. 
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DISPLAY STATION CONTROL (NIO) (IOU 1.12) 


This diagram shows the optional DSC. When installed, the DSC is connected to I/O 


channel 10. This channel is only accessible to the BASs in the N10. The TPM also has 
access to the DSC. 


DSC FUNCTIONS 


The DSC handles the I/0 exchanges that occur between a CC545 Display Station and a BAS or 
the TPM. In doing this, the DSC converts: 


@ The data going to the display station into coordinate, unblank, and movement signals 
for the station’s CRT beam, 


e The code generated from a pressed display station key into an ASCII code. However, 
this only applies to 180-mode and TPM operations. No key code conversions are done 
in 1/70-mode operations, 


DSC OPERATIONS 


The DSC operations done over channel 10 are described in the following text. After that, 
the DSC operations with the TPM are described. 


OPERATIONS DONE OVER CHANNEL 10 


The DSC operations done over channel 10 are controlled by the function words sent by the 
BASs in the NIO. These function words are defined in table 1-6 


The decoding of the DSC function words is done by the Display Controller Input Mux circuits. 


Once a selection is made, the DSC handles subsequent data in a similar manner until another 
function word changes the selection. 


Character Mode 


When the DSC is in character mode, it processes data from channei 10 in the following manner: 


e The rightmost nine bits of words of 6xxxg in 170 mode or Cxxj¢6 or Dxx;¢ in 180 
mode are sent to the display station as X Data Bits 55 through 63. These bits 
specify the horizontal X coordinate for the CRT beam. The displayable area of the 
CRT screen is divided into 512 horizontal lines. Each horizontal line has 512 dot 


positions. Each dot position is defined by its unique horizontal and vertical 
coordinates within the 512-by-512 matrix. 


e The rightmost nine bits of words of 7XxxxXg in 170 mode or Exx16 or Fxxj6 in 180 


mode are sent to the display station as Y Data Bits 55 through 63. These bits 
specify the vertical Y coordinate for the CRT beam. 
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Table 1-6. DSC Function Words 


170 Mode 
Function (Octal) Description 


Equipment select Connects the DSC to channel 10. 

Screen select Selects left display screen. 
Selects right display screen. 
Selects both screens. 


DSC mode select Selects character mode. 
Selects dot mode. 
Selects keyboard input mode. 


i 4~characters per line) size. 
Display character Selects small (6 
ee Sane Selects medium (32-characters per line) size. 

Selects large (l6-characters per line) size. 


® Data words not conforming to either of the preceding conditions are interpreted as 
containing character codes. The left-half bits of such words form one ellangck cr 
code and the right-half bits form another. The left—half character code is gated by 
the Character Code Select Mux and is presented to the ASCII-to~Display Code 
Converter. This converter changes ASCII codes to display codes during 180-mode 
Operations. The original or converted code is then used to select the starting 
address in the Unblank and Beam Movefhent ROMs for that particular character. These 
ROMs contain the instructions for forming the selected character on the screen. 
These instructions, stepped through by the action of the Paint Character Count bits, 
cause the CRT beam to move from its starting point on through to the last formation 
point for the character. As this is being done, the beam is unblanked at each 
formation point to light a dot. The beam is then positioned at the starting point 
for the next character, and the process is repeated for the right-half code. 


The formation of display characters in character mode is done within an 8-by-8 dot aie 
for small size characters, a 16-by-16 dot matrix for medium size characters, and a 32-by- 2 
dot matrix for large characters. These various size characters are possible primarily due 
to the operation of the Beam Movement ROM circuits. These circuits generate the 

H (horizontal) and V (vertical) control signals defined in table 1-7. 


Table 1-7. Horizontal and Vertical Control Signals 


Active 


Resulting Beam Movement 


Inactive Inactive Inactive Horizontally one increment 


Inactive Active Inactive Inactive Horizontally two increments 


Active Active Inactive Inactive Reverses horizontal direction 


Inactive 


Inactive Active Inactive Vertically one increment 


Inactive Inactive Inactive Active 


Vertically two increments 


Inactive Inactive Active Active Reverses vertical direction 


Dot Mode 


In dot mode, the DSC unblanks only defined dot positions on the CRT screen and does 
not respond to data words containing character codes. In dot mode, the DSC 
automatically unblanks the dot position after moving the CRT beam to a given 
X-and-Y coordinate. This mode is used for graphic displays. 


Keyboard Input Mode 


In keyboard input mode, the DSC inputs the keyboard data it is holding. The DSC 
holds the code from a pressed key (Keydown signal active) in its Keyboard Buffer. 
Placing the DSC in keyboard input mode then results in a Channel 10 Full indication 
to set and the keyboard data to be sent. Upon the completion of sending the 
keyboard data, the DSC clears the Channel 10 Full indication, 
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If operations are in 180 mode, the DSC converts the keyboard code to ASCII code 
before sending it in a word over channel 10. The left-half of the word sent 
contains zeros. This applies in either 170 or 180 mode. 


OPERATIONS WITH TPM 


DSC operations with the TPM are limited to character mode displays and keyboard 
input. Before either type operation, the TPM activates the Z80 Select CC545 signal 
to establish the data path between it and the DSC. The Z80 Select CC545 signal 
also disables communications from occurring with the DSC over channel 10 and sets 
up the DSC for generating a character mode display using small or medium size 
display characters. Medium size characters apply when the TPM activates the 

280 Medium Character Select signal. Character code data from the TPM is always 
ASCII encoded and, therefore, goes through the ASCII-to-Display Code Converter 
before being processed for display. . 


When the TPM is to input keyboard data, it activates the Z80 Select CC545 signal 
and the Keyboard Select signal. The Keyboard Select signal creates a fake keyboard 
buffer full condition within the DSC. This gates the contents from the Key board 
Buffer into the Display Code-to-ASCII Converter logic where it can be read by the 


TPM. The TPM determines whether a display station key was pressed by checking the 
data itself, 


KEYBOARD DATA 
BITS 58-63 


©) 


KETUP. KETDOWN 


@) 


DS BUTTON 


280 DATA BUT 
BITS 56-63 


CHAN 10 DATA 
BITS 48-53, 55-63 


CHAN 10 DATA 
BITS 48-63/PA4R 


Jw O-3 FLAG 
(yCQOE BIT 85) 
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DS BUTTON 


KEYBQARD BFR DATA 
BITS 58-63 


() 
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BITS 51-54 


X.Y COORDINATES 


(2) 


DaTA 48-50.55-63 


BQTH. RIGHT. DeT. 
ASTI. LARGE. NED 
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F 


DISPLAY CODE 


T2 ASCII 
CONVERTER 


(cag) 


S RGTR AND 
CHAR C2DE 
SEL MUX 


(CQ13) 


{cao} 


C545 DATA 
BITS 56-63 


8) 


DSC DATA 
BITS 48-63/PAR 
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BITS 55-63 
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STATUS: FULL. 
ACT. ERROR 


iy 


CHAN 10 DATA 
BITS 48-63/PAR 


BAS O-3 CHAN 0-13 
DATA BITS 48-63/PAR 


CHAN 10 
INP MUX. 
CQ2NTRELS AND 
DATA RGTR 


(ca18.19) 


BAS 0-3 
BUS DRIVERS 


(0G20.21) 


KEYBQARD/ DISPLAY 


KE YEQARD/DISPLAY 


S RGTR DATA 
BITS 56-63 


AXCIT 12 


(3) KEYBARDY DISPLAY 
a 
5V 
PAINT CHAR 

TINING COUNT 59-63 
=p CHAIN CNTRS G) 

(CQ17) 
1x 


(003) 


RIGHT UNBLANK. 
LEFT UNBLANS hee 
(2) KE YBQARD/DISPLAT 
ANALBG X, 
Hi. H2 CHAR PAINTER: ANALOG Xt 
HORIZONTAL Y 
(2) ery ce (2) KETEQARD/DISPLA 
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MAINTENANCE ACCESS CHANNEL, RADIAL INTERFACE (NIO) (IOU 1.13) 


This diagram shows MAC (JQ) board circuits and RI (HR/JR) board circuits. The MAC and 
radial interface (RI) are accessible to the BASs of either the NIO or CIO. This access is 
via channel 17. The TPM (1.11) also has access to the MAC. 


MAC FUNCTIONS 


The primary function of the LOU MAC is to transfer data between the I0U maintenance 
registers and the BASs or TPM. These I/O transfers allow the 10U software to monitor and 
set I0U operating conditions. In addition to the transferring that the MAC does, it 
assembles and disassembles the data bytes from and to the maintenance registers. The mode 
of data transfer for most 10U maintenance registers is bit serial transmission, because it 
saves backpanel space. For example, if a maintenance register exists on another board, a 
twisted pair of wires are used to transfer the eight bits of data serially from board to 
board rather than using parallel lines for data bits plus a parity bit. The required 
assembly/disassembly of maintenance register data is done by the Serial/Parallel Shifter 
Register and Pak Select circuits. 


The MAC also performs I0U master clear, ADU master clear, and clear light-emitting diodes 
(LED) functions. 


ERROR DETECTOR CIRCUIT 
The Error Detector circuit summarizes the error detection for the MAC. Here, parity is 
checked on all data transfers to the MAC. In addition, monitoring is done for nanocode 


parity errors and channel 1/7 parity errors. Nanocode sequences the MAC during the 
transferring of maintenance register data. 


FUNCTION WORD DECODING 
The MAC responds to function words (figure 1-2) much the same as any channel device does. 
Organization of the function word is such that a 4-bit field in the function word includes 
the connect code. That field determines the particular RI with which communications takes 
place. The connect codes used are: 

e Zero - connects channel 17 to the IOU MAC. 


© One - connects channel 17 to either the MAC for system memory or CP-0. 


® Three - connects channel 17 to the MAC of the CP-l. 
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Following the 4-bit connect code field is the 4-bit opcode field. That field determines the 
particular type of operation to be performed, such as clear LEDs, read, write, master clear, 
clear fault status registers, etc. When the function word contains a connect code other 
than 0, the I0U MAC passes the word to the appropriate RI. It is the responsibility of the 
connected system element that receives the data to process it in the order that is expected. 


The third 4-bit field in the function word is the type code. It is an additional level of 
device selection used to obtain data or respond by sending data (based on the function 
requested). For example, a type code of 0 is used for the processor and a type code of an A 
is used to access the memory element. A type code of 0 also applies to the IOU MAC. 


BITS BG Soe OL 2. eee et SD OG ee 5D 00 = = = 63 


NOT CONNECT TYPE 
USED CODE OPCODE CODE 


Figure 1-2. Function Word Format 


SERIAL/PARALLEL SHIFTER REGISTER AND PAK SELECTOR 


This MAC logic accesses the maintenance registers in the IOU. Maintenance registers are 
contained on the JS, JT, JC, and JL boards of the I10U. The maintenance register(s) to be 
accessed are specified by a BAS or the TPM after connecting to the IOU MAC. Data is then 
passed back and forth through the bit serial shifter, which selects the specific pack and 
enables the appropriate serial data line. Only one of these lines is enabled at any given 
time. The data transfer therefore takes place only between the register on the selected 
board and the MAC, whether the operation is a read or a write. 


RI FUNCTIONS 


RIs 1 through 3 provide access to the MAC units in other elements of the system. 


Communications with the selected element occurs in parallel transfers of eight data bits 
plus parity. 


GES.” 


BITS 56-63/PAR IN 


CuC 
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RI 1.2.3 


RI 1/23 
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CHAN tT ACT, 
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(JQ15) 


RI 
BITS 56-63/PAR 
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CHAN PAR ERROR, 
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@) 
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CHAN 17 RI DATA 
BITS 56-63/PAR 
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AND 
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ERROR RI/MCH ERROR 
DETECTOR 
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CONT 


SIGNALS 
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CHAN 10 STATUSs FLAG, 
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ERROR FLAG 
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CHAN 1T RI DATA 
BITS 52-55 EID 
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o (18) 


<—P— 10 
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BITS 56-63/ 
PAR QUT 
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MAINTENANCE REGISTER A (NIO) (IOU 1.14) 


The majority of the circuits shown on this diagram are maintenance register A (JS) board 
circuits. These JS board circuits assemble and mask fault status 1 information for the 
NIO. Another JS (1.27) board performs similar functions for the CIO. 


NIO FAULT STATUS 1 INFORMATION 


Bytes of NIO fault status 1 information are read/written serially by the MAC (1.13) through 
the MAC interface on line A20. Table 1-8 defines this information. 


Table 1-8. NIO Fault Status 1 Information (Sheet 1 of 2) 


Error Indication When Set 


-2 Not used 
BAS 0, PP4 error 
BAS 0, PP3 error 
BAS 0, PP2 error 
BAS 0, PP1l error 
BAS 0, PPO error 
Not used 
BAS 1, PP4 error 
BAS 1, PP3 error 
BAS 1, PP2 error 
BAS 1, PPI error 
BAS 1, PPO error 
Not used 
BAS 2, PP4 error 
BAS 2, PP3 error 
BAS 2, PP2 error 
BAS 2, PPl error 
BAS 2, PPO error 
Not used 
BAS 3, PP4 error 
BAS 3, PP3 error 
BAS 3, PP2 error 
BAS 3, PPl error 
BAS 3, PPO error 


Error detected on JW board 
Error detected on KR board 
Error detected on JA board 
Error detected on KB board 
Error detected on JC board 
Error detected on JD board 
Error detected on JE board 
Error detected on JF board 
SECDED error, BAS 0 

SECDED error, BAS 1 

SECDED error, BAS 2 
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Table 1-8. NIO Fault Status 1 Information (Sheet 2 of 2) 


Error Indication When Set 


SECDED error, BAS 3 

12/16-conversion error 

OS bounds violation 

OS boundary address parity error 

Firmware error 

Response code error 

Uncorrected CM read error 

Uncorrected CM write error 

CM reject 

Data-in error — CMI/ADU 

Tag-in error -— CMI/ADU 

Data-out error — CMI/ADU 

Address/function error -— CMI/ADU/BAS 

Tag-out error — CMI/ADU 
error - JJ board (A06) 

CMI error - JJ board (A07) 
error — JG board (A08) 
error - JH board (A02) 
error — JH board (A03) 
error — JH board (A04) 
error — JH board (A05) 


NIO STATUS SUMMARY INFORMATION 


The MAC can also access NIO status summary information. This byte of information is 
assembled in the I0U Status Summary circuits. This information indicates: 


e Summary status - Whether an error condition exists in the IOU or any other mainframe 
elements of the system. 


e Processor halt - Whether a PP in the IOU is halted because of an error or is about 
to halt at the end of an instruction. 


e Uncorrected error - Whether an uncorrected error occurred in the IOU. 
® Corrected error — Whether a SECDED error condition occurred in the IOU. 


e Physical environment monitor - Whether a long motor-generator warning is present. 


ERROR MASKING 


Error masking initiated by the software allows the reporting of certain IOU errors to be 
stopped. This allows the IOU to continue operations in a degraded mode, without the use of 
the BAS/ADU having the error. The error masking shown on this diagram is done in the fault 
status 1 information. This also masks the particular error from the status summary byte. 


1-40 


READ TAG 
BITS 3-8 


TAG 
BITS 3-8 


aL (6) 


MAC DATA 
BITS 2-T 


O—-© 


com) 
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ADU ERRORS 
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1-41/1-42¢ 


This diagram shows the maintenance register B (JT) board circuits for the NIO. 
circuits assemble and mask fault status 2 information for the NIO and store its environment 


control (EC) bits. Another JT board (1.28) performs similar functions for the CIO. 


NIO FAULT STATUS 2 INFORMATION 


Bytes of NIO fault status 2 information are read/written serially by the MAC (1.13) through 
This MAC interface also allows the MAC to write bytes into 
the Fault Status Mask Register when a NIO fault status 2 error indication is to be masked. 
The contents of the NIO fault status 2 information are listed in table 1-9. 


the MAC interface on line A2l. 
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NIO Fault Status 2 Information (Sheet 1 of 2) 


Error Indication When Set 


Not used 
Channel 
Channel 
Channel error 
Channel error 


7 error 
6 
5 
4 
Channel 3 error 
2 
1 
0 
1 


error 


Channel error 
Channel error 
Channel error 
Channel 17 error 
Not used 

Channel 15 error 
Not used 

Channel 13 error 
Channel 12 error 
Channel 11 error 
Channel 10 error 


MAINTENANCE REGISTER B (NIO) (I0U 1.15) 


Table 1-9. NIO Fault Status 2 Information (Sheet 2 of 2) 


Error Indication When Set 


Channel 27 error 
Channel 26 error 
Channel 25 error 
Channel 24 error 
Channel 23 error 
Channel 22 error 
Channel 21 error 
Channel 20 error 
MAC error 

Not used 

Not used 

RI 1/2/3 error 
Channel 33 error 
Channel 32 error 
Channel 31 error 
Channel 30 error 


NIO EC BITS 


Line A21 also provides the MAC read/write path for EC bits for the NIO. These bits, which 
are generated by the software, specify deadstart, test, and clock parameters for the NIO. 


Table 1-10 defines these parameters. 


Table 1-10. NIO EC Bits (Sheet 1 of 2) 


Parameter 


Not used. 


4K/8K PP memory - This bit is clear to select 4K PP 
memory operation except when diagnostics set it to 
select 8K PP memory operation. 


System initialized - This bit is cleared at power on 
and is set by software when the system has been 
initialized. 


Not used. 


PP number - These bits specify the logical number of 
the PP that is to do a load, dump, or idle operation 
during a deadstart (EC bit 58 set). When a 
deadstart is not being performed, these bits specify 
the PP that is to latch the contents of a selected 
register into a status register (EC bits 54 and 55 
specify the selected register).f 


Not used. 


Channel number - These bits specify the number of 
the channel over which a load or dump is to occur or 
which is to be master cleared via bit 62. 


Not used. 


Load mode - This bit and bit 58 are set if the 
specified PP is to do a load during a deadstart. 


Dump mode - This bit and bit 58 are set if the 
specified PP is to do a dump during a deadstart. 


Idle mode - This bit and bit 58 are set if the 
specified PP is to go into idle mode during a 
deadstart. 


Register select - These bits specify the register 


(A, K, P, or Q) whose contents are to be latched 
into a status register. 


The status register referred to is not shown in the level 1 diagrams. 
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Table IOU 1-10. NIO EC Bits (Sheet 2 of 2) 


Wide clock select - When this bit is set, the 50-ns 
clock in the NIO is set to a pulse width of 11.5 ns. 


Narrow clock select - When this bit is set, the 


50-ns clock in the NIO is set to a pulse width of 
8.5 ns. 


Load/dump/idle enable - This bit sets during a 
deadstart to enable a load, dump, or idle to occur. 


Test mode enable - Enables the IOU parity checking 
circuits to be tested. 


OS bounds checking enable - When this bit is set, 
bounds violations are reported in the fault status 1 
information and write or exchange requests to CM are 
blocked if a violation occurs. 


(R) + (A) to PP memory enable - When this bit is 


set, a store R-register (0025) instruction stores 


the result of the R+tA adder instead of the R 
register (1.4). This applies to each BAS in the 
NIO. This feature allows the R+A adder to be tested 
without using CM. 


Individual channel master clear — When this bit is 
set, a master clear pulse is issued on the channel 
specified by bits 43 through 47. 


Error stop enable —- When this bit is set, a PP in 
the NIO is halted if the PP has a recorded error. 
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BARREL AND SLOT INTERFACE (CIO) (IOU 1.16) 


This diagram through diagram 1.22 show the circuits of an ISI channel adapter. Each BAS in 
the CIO has five dedicated I/O channels, and each channel has an ISI channel adapter. An 
ISI channel adapter consists of a BASI (JX) board, a CIO channel (JY) board, and an ISI 
interface (JZ) board. This diagram shows JX board circuits. These circuits interact with 
the PPs of the associated BAS. 


An adapter may be addressed by any PP of the associated BAS. An adapter is addressed via 
its I/O channel number. I/O channels 0 through 4 are dedicated to CIO BAS O and 1/0 
channels 5g through 1lg are dedicated to CIO BAS 1. Each adapter provides two ISI ports 

(A and B) for the connection of ISI peripheral devices. These ports are selectable through 
the PP issued function codes that control each adapter. Only one port of an adapter can be 
selected at a time. 


ISI CHANNEL ADAPTER FUNCTIONS 


An adapter operates in internal, PP, and DMA modes. An adapter enters internal mode when it 
performs an internal, interim operation. PP mode applies when a PP requests to communicate 
with an external ISI device. DMA mode applies when an adapter is performing a DMA 

transfer. With a DMA transfer, an adapter performs data transfers between the CMI and a 
peripheral controller without going through the associated BAS. 


DMA transfers start by a PP issuing device control functions for the operation to the 
peripheral controller and issuing length/address pairs to the adapter. A length/address 
pair defines the word boundary and number of bytes to be accessed in CM. With this 
information, an adapter directs the data flow independently. However, the sectoring of data 
on disk media is controlled by a PP. If a length/pair exceeds sector boundaries, a PP 
issues multiple pairs that force the transfer to end at sector boundaries. In addition, a 
PP adds sector control words to the beginning of each sector written and verifies these 
words on each sector read. 


BASI DATA FLOW 


This data flow includes data coming from or going to a PP. 


DATA FLOW FROM A PP 
Data sent by a PP enters the adapter through the Channel Data Register. Copies of bits 52 


through 55 and 63 of the PP data go to the Function Register for decoding when a PP issues a 
function code. 
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The data path from the Channel Data Register also leads to other registers in the adapter 
for loading. A PP may direct a load into the Control Registers, Flag Mask Register, or 


T Prime Register (1.18). 


If the adapter is in PP mode, the data in the Channel Data Register goes through the Channel 
Data In and Out circuit to the Data Output Buffer (1.20). From there, the data goes into 

the Transmit Register and then to the Port A/B Transmitters for transmission to the external 
ISI unit selected by the PP. In PP mode, all data from a PP is transmitted to the selected 


ISI unit. 


DATA FLOW TO A PP 


A PP reads data from the adapter via the BAS Data In and Out circuit. The data requested by 
a PP via function code may be status or control information from a register within the 
adapter or data from an external ISI unit. In PP mode, all data that the adapter receives 
from the selected unit goes to the PP. The path this data takes is from the Port A/B 
Receivers (1.19) into the Input Data Mux. From there, the data goes to the Channel Data 
Register and then to the BAS Data In and Out circuit. When data reaches the Channel Data 
Register, a full indication is set to inform the PP that data is available. 


Data originating from a register within the adapter also goes through the Input Data Mux, 
Channel Data Register, and BAS Data In and Out circuit. A PP may read the Control 
Registers, Flag Mask Register, T Register (1.21), Error Status Register (1.18), or 
Operational Status Register (1.17). When the adapter is in DMA mode, this read access 
allows a PP to monitor a DMA transfer and check for errors without interfering with the 
transfer. - 


FUNCTION DECODING 


The Function Register and Function Decode PROMs decode the function codes received from a 
PP. Table 1-11 lists the codes and their functions. 


Table 1-11. ISI Adapter Function Codes (Sheet 1 of 2) Table 1-11. ISI Adapter Function Codes (Sheet 2 of 2) 


xCxt Set DMA mode. 


Master clear adapter. 

Read Control Registers. Clear echo mode (echo mode is a test feature in adapter). 
Write Control Registers. Set echo mode (echos data within adapter). 
Read Flag Mask Register. Clear T and T Prime Registers. 


Write Flag Mask Register. 


tT Any other hex codes are illegal. Hex codes are based on the 12 least significant 


Read Error Status Register. bits of PP data with bits 48 through 51 and 56 through 62 disregarded. 


Read Operational Status Register. 

CONTROL REGISTERS 

Request ISI idle status (reads copy of ISI data bus). 

The Control Registers are accessed by a PP via function codes xl1x01¢6 and xlxljg¢. -The 
Read T Register. Control Registers hold bits that: 


Write T Prime Register. e Select either ISI port A or B for operations. 


Read test seed (initial test operand). e Control whether a Cache Invalidate signal (1.21) is generated on every fourth and 
last CM write of a transfer 
Write test seed. 


e Control whether an ISI l-second timeout (1.19) is enabled or disabled. 
Clear Select Hold signal (deselects previously selected ISI unit). 


e Enable test mode where an Operand Generator (1.19) simulates an external ISI unit. 
Set Select Hold signal (begins select process on ISI port). . 

e Control various test features of the adapter. 

Clear Command Sequence signal (places units on ISI port in idle 

mode). 

FORCE ERROR DECODERS 

Set Command Sequence signal (removes units on ISI port from idle 


mode and places adapter in PP mode). These decoders provide a means of testing the various parity checking networks in the 
. adapter by forcing errors. When a PP enables such testing, error code bits that a PP loads 
Force Sync Out signal (requests a bit significant response on ISI into the Control Registers determine which errors are forced. 


port, or starts data transfer from selected unit and places adapter 

in PP mode). 

FLAG MASK NETWORK 

Set PP mode.Tf | 

This network contains the Flag Mask Register that is accessed by a PP via function codes 
Clear DMA mode (inhibits any further adapter requests to CM). x2x016 and x2xljg. The Flag Mask Register sets a channel flag (1.17) when a condition 
specified by a PP occurs. The conditions that may be specified are: 


f Any other hex codes are illegal. Hex codes are based on the 12 least significant @® The completion of a DMA transfer. 
bits of PP data with bits 48 through 51 and 56 through 62 disregarded. 


e The T Prime Register being empty. 


TT If the adapter is in DMA mode when this function code is sent, the code stays in 
the Channel Data Register until the transfer in progress ends. ® The receipt of an Attention signal from a specified ISI unit during idle mode. 
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BARREL AND SLOT INTERFACE (CIO) (IOU 1.17) 


This is the second in the series of diagrams 1.16 through 1.22 that show portions of an ISI 
channel adapter. This diagram shows more JX board circuits. 


_ OPERATIONAL STATUS NETWORK 


The Operational Status Register in this network may be read by a PP via function code 
x4x0;6. This register provides the information that a PP needs to control the adapter. 
This information reflects whether: 


e The Data Input Buffer (1.19) of the adapter is full. This condition only applies 
during diagnostic tests. At other times, the Outstanding Request Counter (1.19) of 


the adapter prevents more than 16 outstanding requests from being issued on an ISI 
port, thus preventing the possibility of buffer overflow. 


e A Select Active signal is being received on the selected ISI port (external unit 
acknowledging being selected). 


e The selected external ISI unit is sending a Pause signal (unit cannot temporarily 
perform issued function) or a Sync In signal (unit is acknowledging data receipt or 


is validating data being sent). 


e The adapter is sending a Sync Out, Command Sequence, or a Select Hold signal on the 
selected ISI port. 


e The adapter is in echo, PP, or DMA mode. 


e Data is being sent from the selected ISI port (data flow from either a PP or DMA 
transfer to an external unit). 


e Data transfers on the selected ISI port are occurring in interlocked mode (direct 
Syne Out and Sync In signal interchange between adapter and external unit) or in 
noninterlocked mode. 


® The T Prime Register is empty or not. 


e The adapter has issued a request to CM or from the selected ISI port and has not 
received a response back. 


ADAPTER PP/DMA MODE REGISTERS 

These registers determine when the adapter goes into PP or DMA mode. These registers place 
the adapter in PP mode when the Function Decode PROMs (1.16) decode one of the following 
function codes. 


e xBx016 (Set PP mode). 


e x9xl,)¢6 (Set Command Sequence signal). 
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e xAx0)¢ (Force Sync Out signal). 
e xDxlig (Set echo mode). 
Receipt of any function code other than the preceding clears PP mode. 


The registers place the adapter in DMA mode when a xCxl jg (Set DMA mode) function code is 
decoded. However, a PP must specify the guidelines for the DMA transfer before sending this 
function code. Otherwise, DMA mode does not go into effect until the ISI unit selected for 
the transfer returns a Sync In signal for the transfer function word. The transfer function 
word specifies the guidelines for the subsequent data transfer. The adapter relays this 
word to the selected unit after the unit select word. Both words originate from the PP. 


ADAPTER INTERLOCK OUTPUT MODE REGISTERS 


These registers set the output mode of the selected ISI port. The ISI ports operate in 
either interlock mode or noninterlock mode. These modes refer to the way the Sync Out and 
Sync In signal interchange occurs between the adapter and selected unit. In interlock mode, 
the adapter waits for a Sync In signal from the unit before transmitting another data word 
and the Strobe Out signal. This allows the unit to control the transfer rate. 


In noninterlock mode, the adapter does not wait for the Strobe In signal from the unit 
before transmitting another word and the Strobe Out signal. In this mode, the adapter may 
transmit up to 16 words before stopping and waiting for a Strobe In signal. The adapter 
counts the Strobe Out and Strobe In signals separately to guard against overrun. 
Noninterlock mode is only supported in DMA transfers. 


The unit-select and transfer-function words are transferred in interlock mode. The 
transfer-function word specifies the output mode for the data portion of the transfer. 


After the transfer-function word has been sent, the Force Sync Out signal from the Adapter 
Interlock Output Mode Registers is activated to have the selected ISI unit input the first 
word if the direction of the transfer is to the adapter. 


CHANNEL FLAGS AND MICROCODE TRANSLATOR 


This circuit translates Microcode Bits 73 through 75 from a PP and outputs the channel flag 
for PP sampling. Microcode Bits 73 through 75 indicate when a PP is reading data from or 
writing data to the Channel Data Register (1.16). These bits also indicate whether the data 


written to the register is a function code that is to be decoded by the Function Decode 
PROMs (1.16). 


The channel flag is used in various PP int ructions to indicate the occurrence of a certain 
condition. A PP selects the condition to be monitored via the Flag Mask Network (1.16). 


a 
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BARREL AND SLOT INTERFACE (CIO) (IOU 1.18) 


This is the third in the series of diagrams 1.16 through 1.22 that show portions of an ISI 
channel adapter. This diagram shows more JX board circuits. 


T PRIME REGISTER AND ASSOCIATED CIRCUITS 

The T Prime Register temporarily holds the initial real-memory address and byte count for a 
DMA transfer before they are transferred to the T Register (1.21). This temporary storage 
allows DMA requests to be stacked and maintains a smooth data flow when scattered pages of 
CM are being accessed. 


A PP loads the T Prime Register using function code x6xl;g- This load requires the input 
of three PP words (48 bits). 


cM FUNCTION CODE AND CM RESPONSE CODE TRANSLATOR 


The CM Function Code circuit generates the function code sent to CM via the CMI during DMA 
transfers. The CM Response Code Translator checks the returned CM response for errors. 


ERROR STATUS NETWORK 
This network contains the Error Status Register that a PP reads via function code x3x0j5- 


A PP uses the error status to determine the validity of a transfer and whether a transfer 
should be redone. The PPs are responsible for logging uncorrected errors. 
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The error status indicates whether an overrun, timeout, test-mode compare error, parity 
error, or CM error occurred. A CM error is a CM reject or an invalid CM response during a 
DMA or an uncorrected CM error. A timeout error is a case where the adapter has sent a Sync 
Out to an external unit and not received a Syne In response within 1 second. An overflow 
error is when the adapter receives a Sync In after its Data Input Buffer (1.19) has become 
full. A test-mode compare error is when PP or DMA output data does not match the data 
generated by the Operand Generator (1.19) in test mode. 


The Error Status Register automatically clears after being read. 


MAC INTERFACE AND MUX 


These circuits provide the IOU MAC (1.13) with access to the Error Status Register, Control 
Registers (1.16), and Operational Status Register (1.17) plus access to the channel flags 
(1.17). This access may be used during a short deadstart. A short deadstart terminates any 
data transfer being performed by the adapter but does not master clear its status or control 
registers. This allows the MAC unit to read the registers prior to a dump and restore them 
to the same state after a dump. 


17B 


16L 


CHAN 0-7.10.11 
OUT 


(9) 


CHAN O-7,10.11 
ENB CI 


(9) 


CHAN O-7.10-1 1 
ie) 


(9) 


BUS 0.1 RESP CQ0e 


BITS 0-2/PAR 


BuS 0.1 RESP CQOE PE 


> ——_-@— 


16H 


17F 


16D 


168 


60463540 C 


CHAN O-7.10.11 
RESP 


(19) 


CHAN O-7.10.11 


INV RESP CQOE PAR, 
FORCE INVALID RESP 


CHAN 0-7. 10,11 
FCTN QUT 


(19) 


CHAN O-7,10.11 
WRITE T. 
INCR PARCEL CNT 


CHAN O-7.10.11 
MC+CLR T 


(19) 


G 


(JX23) 


IGE 


178 


170 


ITB 


1 Ow 


BUS 0.1 MEM FCTN 
BITS O-3/PAR 


CHAN O-T. 10.11 


cI 


(19) 


CHAN O-T, 10-11 


BUT 


© 


F 


(UX26 ) 


CHAN 0-7.10.11 
CNT=2 


(9) 


CHAN O-T. 10.1) 
READ TI.READ T2 


1OX2 


CHAN O-7.10.11 
WRITE TO 


(:9) 


CHAN O-7.10,11 
WRITE Ti, T2 


CHAN O-7.10.11 
WRITE T PRIME 0 


(9) 


CHAN O-7.10.11 
T RGTR DATA 
BITS 48-63/P 

1OX16/1 


CHAN O-7.10.11 
BUT 


(19) 


CHAN O-7.10,4! 
DMA MADE 


(19) 


CHAN 0-7. 10.1! 
ADU VALID DATA 


(9) 


CHAN O-T, 10.11 
T NOT=0 


(9) 


CHAN O-7, 10,11 
INP 


(9) 


CHAN 0-7, 10.11 
ISI Busy 


(9) 


CHAN O-T. 10,11 
JX RESP CQOE PE. 
ANY CM ERROR 


CHAN 0-7, 10,41 
ANY RESP CODE PE. 
CMI RD DATA PE. 
CM REJECT. 
UNC@R CM ERROR 
INVALID RESP 


21c 


21A 


2IE 


CHAN O-T.10.11 


CONT RGTR PE 
CHAN O-T. 10,11 
MASK RGTR PE CHAN 0-7.10.11 
(10) PAR ERROR 
CHAN O-7.10.11 (10) 26 CHAN O-7.10.11 
DATA RGTR PE C/ERROR STAT 
(10) 16u (10) 
CHAN 0-7, 10.11 CHAN 0-710. 11 
PROM PE CLR LED 
(10) (10) {ZIK 
CHAN 0-7, 10.11 CHAN 0-7,10, 11 
T RGTR PE BAS PE 
IX (a) (19) 166 (10) 
CHAN O-T. 10.11 
4X JZ BOARD ERROR CHAN O-7.10.11 CHAN 0-7,10.11 
‘a (9) UX ERROR. JY ERROR. ISI TINEBUT 
JZ ERROR.IST TIMEOUT. ee 
é Han O-T. 10.11 TM CM ERROR 
21 -T/@ TIMEOUT 
ee (68) 
CHAN 0-7.10.11 CHAN O-7.10.11 
TM CHPR ERROR Six ADU_DATA ERRBR 
on (9) CHAN 0-77.10. 11 
BOARD ERROR CMI READ DATA PE, 
CHAN O-T, 10.11 ANY RESP CQOE PE. 
JY BOARD ERROR INVALID RES, 
CM REJECT. 
21k (19) UNGAR CM ERROR 


CHAN 0-7.10.11 
BYFL ERROR 


19P (10) 


CHAN O-7,10,55 
ISI INP ERROR 


ISR (10) 


CHAN O-7,10.11 J CHAN O-T,10,11 

T=0 T PRIME EMPTY 

(19) (9) ITA 
CHAN O-7.10.11 

MC+CLR T 
168 
09 (JxX22) 
CHAN O-7,10.11 
T CNIR 
BITS 48-62 


CHAN O-T,10,11 
ENBL T PAR CHK 


CHAN O-7,10./1 
INCR T 


CHAN O-(.10.11 


T RGTR CHAN O-T.10.11 CHAN O-7.10.11 Hees 
BITS 48-63/64 BITS 48-62 BITS 63/64 ae 
CHAN 0-7, 10,11 
INV T RGTR PAR 
16H (3x22) 
CHAN 0-7.10.11 © 
BUSY 
(10) 17¢ 


(Jx20) 


ITA 


t6L 


7c 


CHAN 0-T.10.11 
T RGIR PE 


(9) 


CHAN O-T.10.11 
ERRGR STAT 
BITS 50-63/P 


CHAN 0-7,10,11 


EI 


(9) 


CHAN 0-7,.10.11 
BP STATUS 
BITS 48-63/P 


CHAN 0-7.10.11 
C2NT RGTR 
BITS 48-63/P 


20€ 


!6N 


17F 


( UX2T) 


CHAN 0-7,10.11 CHAN O-T.10,11 
MAC MUX MAC MUX SEL 
BITS 56-63/ PAR BITS 62.63.64 


CHAN 0/1,2/3.4.5, 


6/7.10.11 
INSTALLED 
MAC 

INTERFACE (7) 276 

NAC WRITE DATA TO NAC DATA 

DI1.14.17.20.23 FROM DI 1.14, 17.20.23 
C11414.17.20.23 Ch). t4. 17.20.23 
(10) (10) 13J 
( uxX28) 
wR 
NOTES: 


|. HEAVIER LINES INDICATE DATA PATHS AND 
MOST SIGNIFICANT ADRS AND CONTROL PATHS. 


ERR@R STATUS NETWORK. 


MAC INTERFACE,T PRIME RGTR 23 sure: = 


1-53/1-54 


EXTERNAL INTERFACE (C10) (I0U 1.19) 


This is the fourth in the series of diagrams 1.16 through 1.22 that show portions of an ISI 
channel adapter. This diagram shows ISI interface (JZ) board circuits that interact with 
the external ISI peripheral devices. 


PORT A/B DATA INPUT 


Data input from port A or B ‘goes from the Ports A and B Receivers through the Port Fan In 
Input Mux and to either the Input Data Mux (1.16) or the Data Input Buffer. The path to the 
Data Input Buffer applies when the selected port is in transaction mode. In transaction 
mode, the Command Sequence signal of the ports is set and data transfers occur 
bidirectionally between the selected unit and the adapter. During these transfers, the data 
lines of the external ISI bus connected to the port may carry function words, status 
information, or data as directed by a PP. All incoming information from the selected unit 
goes to the Data Input Buffer while in this mode. 


When a port is not in transaction mode, it is in idle mode (Command Sequence signal clear). 
In idle mode, all slave units on the ISI bus of the port continuously transmit the state of 
their Attention and Busy signals on assigned bus data lines. The data line assignments for 
this are based on the bus unit addresses of the units (figure 1-3). 


When in idle mode, the Attention and Busy status information from the ISI bus of the 
selected port goes directly to the Input Data Mux. From there the information goes into the 
Channel Data Register (1.16) when a function code x5x0)¢ is received (request of ISI idle 
status). This allows a PP to read the information. 


BUSY BITS ATTENTION BITS 


BIT 14 13 


BUS UNIT ADDRESS BUS UNIT ADDRESS 


Figure 1-3. Idle Mode Bus Busy/Attention Bit Format 


DATA INPUT BUFFER 


The Data Input Buffer provides storage for up to 16 words from the selected unit during 
either PP- or DMA-mode transfers. The input buffer also aligns the received words with the 
internal 50-nanosecond clock of the adapter. The Input Buffer Word Counter monitors the 
buffer for full or empty conditions. Due to the operation of the Outstanding Request 
Counter, an input buffer condition can only apply during diagnostic testing. 
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Words from the input buffer are checked for parity and routed through the Input Data Fan In 
circuits. If a DMA-mode input is in progress, the words then go to the DMA Input Data 
Buffer before going to the JY board circuits (1.22) for assembly. If a PP-mode input is in 
progress, the words go instead to the PP Input Data Mux and then to the Input Data Mux 

Ch 16)« 


VALID SYNC IN CIRCUITS 


These circuits include the Sync In One-Shot, Sync In Resync, and Valid Sync In Formation. 
These circuits ensure the validity of a Sync In signal from the selected unit and form the 
signal into a pulse that is aligned with the adapter’s internal 50-nanosecond clock. 


OUTSTANDING REQUEST COUNTER 


This counter ensures that the Data Input Buffer does not overflow during adapter input and 
no more than 16 words are sent to the selected unit without a Sync In reply during adapter 
output. This latter condition applies to DMA-mode transfer sent in noninterlock mode. 


ISI ONE-SECOND TIMEOUT CIRCUIT 


This circuit sets a timeout error status bit (1.18) when the adapter has sent a Sync Out to 
the selected unit and did not receive a Sync In reply within 1 second. However, this 
timeout is disabled by a bit in the Control Registers (1.16) in instances where no Sync In 
reply is expected. 


ISI BUSY CIRCUIT 


This circuit monitors for ISI busy conditions, which are a full Data Output Buffer (1.20) or 
a maximum count in the Outstanding Request Counter. When either of these conditions occur, 
the ISI Busy circuit disables the transfer in progress until no ISI busy condition exists. 


JZ BOARD ERROR CIRCUIT During test mode, the Operand Generator provides the: 


This circuit sets a JZ Board Error bit in the Error Status Register (1.18) when one of the e Data for PP or DMA input until the DMA transfer completes or PP terminates the input. 
following conditions eevee e Data that the Compare Network compares against the PP or DMA output data. If the 

. data does not compare, the Compare Network sets a Test Mode Compare Error bit in the 
i ty error. 

e An input buffer parity e Error Status Register (1.18). 

e An ISI input data parity error. 


e Input buffer overflow. ee eee 
e An output buffer parity error. 


The echo mode of the adapter complements test mode, because it can be used by diagnostic 
tests to check the receivers and transmitters of the selected port. Echo mode is set 
through function code xDxlj¢. Echo mode enables data to flow from the Data Output Buffer 

through the transmitters (1.20) to the receivers (Ports A/B Data Bits 0 through 15 and 
TEST FEATURES parity) and into the Data Input Buffer. 
The major test features of the adapter are the Operand Generator and the Compare Network. 
Other test features appearing on diagram 1.19 are the Transmitter/Receiver Echo and the 
ibi i R st Counter bit. Boies 
Iohibit Outstanding .Beque INHIBIT OUTSTANDING REQUEST COUNTER BIT 


This feature is used in conjunction with echo mode. When this bit is set in the Control 


OPERAND GENERATOR AND COMPARE NETWORK Registers, the Outstanding Request Counter is inhibited from counting if the adapter is in 
echo mode. This inhibiting of counting allows diagnostic tests to purposely overflow the 

These circuits go into operation when the adapter is in that test mode [Enable Test Mode bit Data Input Buffer to ensure that an Input Buffer Overflow bit sets in the Error Status 

set in Control Registers (1.16)]. In test mode, the receivers and transmitters on the _ Register. 


selected port are disabled and the Operand Generator simulates external unit I/0. 


The Operand Generator is an 8-bit counter that may be preloaded by a PP via function code 
x7xl)6 or read via function code x7x01¢6- The Operand Generator increments by 1 for each 

1/0 transfer during test mode, and the output of the generator is duplicated to form a 
16-bit word. However, an Inhibit Test Mode Increment bit may be set in the Control 

. Registers to inhibit this incrementing to allow the constant use of a preloaded bit pattern. 
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EXTERNAL INTERFACE (CIO) (10U 1.20) 


This is the fifth in the series of diagrams 1.16 through 1.22 that show portions of an ISI 
channel adapter. This diagram shows more JZ board circuits. 


PORT A/B DATA OUTPUT 


The PP or DMA data to be transmitted from port A or B is gated through the Output Buffer 
Data Mux and into the Data Output Buffer. From there, the data goes into the Transmit 
Register before it is sent from the selected port by the Port A/B Transmitters. The words 
sent out may either be data or function words from the PP. Which type being sent is 
indicated by the Command Sequence signal. 


The Data Output Buffer can store up to four words. The output buffer also aligns the words 


with the external 166-nanosecond clock. Words entering the buffer are in line with the 
internal 50-nanosecond clock. 


PORT A/B CONTROL SIGNAL OUTPUT 
The control signals transmitted from port A and B are the: 
e Command Sequence signal - Goes active at the beginning of each transfer to switch 
the external bus of the selected port from idle mode to transaction mode and remains 


active during the unit selection sequence. The Command Sequence signal is also sent 
to a selected unit when the adapter is transferring a function word. 
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Select Hold signal - Is active throughout each transfer on the selected port. The 
Select Hold signal going active informs the external units on the port bus that 
either a broadcast master reset or unit selection sequence is to occur next over the 


data lines. The Select Hold signal going inactive deselects the previously selected 
unit and places the port bus in idle mode. 


Syne Out signal —- Accompanies each word sent from the selected port by the adapter 


or, if the flow is the opposite direction, signals that the adapter is ready to 
receive a word. 


SYNC OUT RESYNC CIRCUITS 


The three stages of the Sync Out Resync circuits generate the Sync Out signal for the 


selected port. These circuits align the Sync Out signal with the external 166-nanosecond 
clock. 
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ASSEMBLY/ DISASSEMBLY (CIO) (I0U 1.21) 


This is the sixth in the series of diagrams 1.16 through 1.22 that show portions of an ISI 
channel adapter. This diagram shows CIO channel (JY) board circuits that keep track of the 
CM address and byte count during a DMA transfer. 


I REGISTER AND ASSOCIATED CIRCUITS 


The T Register provides the real-memory address and byte count for DMA transfers. The 
initial values for this come from a PP and are loaded into the T Prime Register (1.18). 

From there, the values are transferred to the T Register if it is empty. This transfer must 
occur for the associated DMA operation to be performed. 


The real-memory address and byte count values transferred into the T Register are the 
starting address and page length for the pending DMA transfer. Once the transfer begins, 
the real-memory address in the T Register is incremented by eight after each CM reference. 


In addition, the byte count is decremented by 2 for each 16-bit word written into the 


Assembly Buffer (1.22) or read from the Disassembly Buffer (1.22). When the byte count 
reaches zero, the T Register is ready for new values from the T Prime Register. 
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The contents of the T Register may be read by a PP sending function code x6x0,¢. The read 


requires three words (48 bits). The gating of the three words is handled by the T Register 
Mux. 


If a DMA transfer halts because of an error, a PP can clear both the T and T Prime Registers 


by sending function code xEx0;4. The two registers may then be restored, and a retry 
performed without affecting the state of other circuits. 


CM~ADDRESS-TO-CMI CIRCUIT 


This circuit sends the real-memory address from the T Register to the CMI during a DMA 
transfer. The circuit also sends Cache Invalidate on every fourth and last CM write of a 
transfer if the Cache Invalidate bit is set in the Control Registers (1.16). 
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ASSEMBLY/DISASSEMBLY (CIO) (IOU 1.22) 


This is the last in the series of diagrams starting at 1.16 that show portions of an ISI 
channel adapter. This diagram shows more JY board circuits. The circuits on this diagram 
assembles/disassembles CM words during a DMA transfer. 


ASSEMBLY/ DISASSEMBLY CIRCULTS 


During DMA transfers, the assembly circuits assemble the 16-bit words used on the channel 
into the 64-bit words used in CM and the disassembly circuits do vice versa. The direction 
of the data flow in a DMA transfer is specified in:'the transfer function word. The adapter 


receives this word from a PP and transfers it to the selected external unit before the DMA 
transfer takes place. 


60463540 C 


COUNTERS 


The Counters keep track of the number of 16-bit words that are being processed by the 
assembly/disassembly circuits. 


CHANNEL GO/CM REQUEST/CM RESPONSE CIRCUITS 


These circuits coordinate the DMA assembly/disassembly operations with the CM requests and 
responses. 
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ua rll 21K 
FORCE INP PAR 0,1 LO¥ eae (10x13) CHAN O-T. 10.11 (19) (a) BITS 0-15/PAR UPR.LWR 
PL ASSY BFR DATA CHAN 0-7.10.11 TOXIG/2 Jy24) 
beneenien caw orion | Io Gis): BrTS GeO mrss a iO 
£10; . “10, 2 Fisk BITS 0-63/PO-PT out 10. 
BUS CHIP EN 0-3 DMA PAR UPR.LIR CHAN 0-7, 10011 Cas DMA DATA 
@; (10) (10x5) (10x2) DNA DATA we BITS O-1 57 BITS 48-63/PAR UPR.LWR 
BITS 0-15 CHAN Q-7.10. 11 
CHAN 0-7.10, 11 PAR 
(Fs (10x16) BFR ADRS EIA DE LO UPR, L¥R 
as “. (c} “6) setieey Curt et2) DMA PAR UPR, LWR 


BUS 0.1 CM DATA 
BITS 0-63/64-T1 


() 


LEVEL 1 DIAGRAM (Ca/D 

GBD AR" I Counters. aSsv/DISASSY 
BUFFER QUT AGTRS 

DEVELOPMENT I CIB 
DIVISION 


(JYS, 10) 
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C BARREL, I BARREL, K BARREL (CIO) (IOU 1.23) 


The C, I, and K barrels in the CIO are the same as in the NIO. Refer to description for 
diagram 1.5. 


60463540 C 1-64 


BASC 0.1 
BRE OI D DATA BITS 48-63/PAR 
oa A RGTR RAN 3- 
BITS 48-63/PAR B Cc < 16A 
24C O.1 CHAN NUX 0.1 CHAN QUT BASC O.1 CHAN 15,17 
A PPMC 0.1 DATA RGTR CHAN BITS 48-657 PAR aut BITS 48-63/PAR CHAN DATA BITS 48-63/PAR 
. INP MUX DATA RGTR ; 
RANK 3 BITS 48-62/64 NP (BITS 48-63. Gn6/- 10F 
2X16/ | PAR) 0.1 CHAN 
PPMC 0,1 CHAN QUT (2x16/1) BITS 48-63/PAR 


DATA BITS 48-63/PAR ( JW31-34) 


CRANK 2) PPN DATA 
—— (BITS 48-63V 
266 2xt6/ | PAR) 
RANKS 2.3.4.0 


PPmMC 0.1! DATA 


RANK 4 48-63/PAR 
(Jw!9.20) (2x16/1) 
o 0.1 C BARREL 0.1 © BARREL 
( 2x8 ) RANK 3 G RANK 3 PAR 
; BITS 52-63 BITS 1-3 
0.1 C BARREL RANX O 0.1 C BARREL NUX JWC 0,1 CHAN DATA 
BITS 52-63/PAR 1-3 BITS 52-63/PAR 1-3 area te BITS 48-63/PAR 
2x12/3 0.1 © BAR RANK 4 0.1 C BARREL RANK O 
(2x12/3) RANKS Wes PAR BITS 1-3 C BARREL BLTS 52-63/PAR 1-3 elec 
RANKS 4 AND O 
ee) (BITS 52-63, 
0.1 C BARREL Mux PAR) 0.1 C BARREL 
PAR 1-3 RANK | PAR {-3 RANK | 
(23,24) 
¥RITE FCTN 
(2) l¥.3N 
Jc 0.1 pOQDE 
5 BITS 13-T5 
0.1 uCQ0E 
O.1 I BAR RAK 2g K ADRS RANK 3 JAC 0.1 CQ0E J¥C 0.1 OM FCTN 
BITS 55-63/PAR BITS 56-63 BITS 76-83 RANK 4 CM FCTN BITS BITS 60-63/PAR 
O.1 I Mux RANK 2 ( 2x8 ) 2x8 QUT PATH 3E 
BITS 55-6364 JAC 0.1 ADU wC20E 
Seen, PPC Q.1 CHAN QUT steals yCQDE 0.1 pC20E BITS 0-2.16-BIT (ume) 
? DATA BITS 48, 52-57 Sener ADRS RGTR ADRS RANK 2 0.1 wCQ0E ADRS RANK 3 | (BITS 0-47. WADE RANK 3, 
(uK2) BITS 55-63/64 nCQDE BLTS 55-63 72-83) ENBL READ FCTN 
(uw) grat (2x6 ) LV.3N 
UWC 0,1 FLAG 
(wa) (nCQ0E BIT 85) 
(2) 10S. 17C 
JHC 0.1 GELF.Ds 
BASC 0,1 DATA RDY Q Q 12 A RANK 3 () 
AA 0.1 I BAR RANK 4 (uW9-14, 17) (2x4 ) 246 
I BARREL BITS 55-63/64 
RANKS 3,4 a T 
en BASC 0.1 CHAN O-11 ble O.1 I BAR RANK 2 
STATUS: FLAG FLAGC 0.1 (UWS) O.1 BRANCH | 0.1 BRANCH ADRS i BrTS Seba FAR 
ITF ’ 1 
Sin RANK 4 BITS 43-58 mene BITS 55-63/PAR 
ROMS 4C20E SEL MUX 
BITS 49-58 
Beagle 0.1 BRANCH 2 
BITS 5O-72 RANK 4 BITS 61-70 sine: 
BASC 0.1 CHAN O-11 
(iF STATUS: FULL. ACT. ERROR WEM (2x10) (U8) RANKS 0-2. 
a (un0.7) RANKS 1-3 
0.1 PPM DATA RANKO 
BITS 48.52-57 0.1 K BAR 0,1 K BAR RANK 3 
(2x7 ) INP BITS 48,52-57 BITS 48.52~57 


K BARREL 


0.1 K BARREL RANK O INP MUX (2x7 ) (2x7 ) 


BITS 48.52-57 
2xT (uw2T) 


Q,1 K BARREL RANK 4 
BITS 48.52-57 


KRC 0.1 PP RGTR 12 
MAC BITS 56-63 


0.1 PPM DATA RANK 4 
BETS 48.63 (BITS 56-63) 


{ ux26) 


NOTES: =L | DIAGRAN 
REL, K BARREL 


|. HEAVIER LINES INDICATE DATA PATHS AND 
M@ST SIGNIFICANT ADRS AND C2NTRBL PATHS. 
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The A and R barrels in the CIO are the same as in the NIO. 
diagram 1.6. 
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A BARREL, R BARREL (CIO) (IOU 1.24) 


Refer to description for 


rae 


26K 


ex 


ex 
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0.1 A SHIFT 
BITS 46-63/PAR 


PPMC 0.1 
A RGTR RANK 3 
DATA BITS 48-63/ PAR 


0.1! 
QO DATA RANK 3 
BITS 48-63/PAR 


0.1 
R DATA BITS 56,57/P1.P2 


0.1 
R AGTR BITS 36-55 


2x20 


4 BARREL 
RANKS 1-3 


BITS 46-63. 
PAR 


CKRI4) 


G 
A ADDER 
CaNT 
(KRE) 
N 


INPUT DATA 
RGTR 


(KRG) 


R BARREL 


RANAS 0-2 
(BITS 36-55) 


¢KRI5) 


KRC Q.1 
A&A RGTR RANK 3 
BIT 63 


@) 


KRC 0.1 
A RGTR RANK 3 
BITS 62.63 


KRC 0,1 
0.1 A BARREL A RGTR RANK 3 
BITS 46-63/PAR BITS 48-63 
‘ ED 
D 
A RGTR 
RANK 4 
(KR4) 
0.1 
A ADDER CONT H 
BITS 0-4 


0.1 
Q DATA RANK 4 
BITS 58-63 


0.1 
PPM DATA RANK 4 
BITS 48-63 


0.1 
R RGTR BITS 36-55 


2x20 


KRC 0.4 
A PAR 
A 
A RGIR A mie PAR © 
PAR | 16/42 BIT KRC 0.1 
CHECKER GEN (2) PAR GEN A RGTR RANK 3 
3H PAR 
(KR5) (KRI2) @) e358 
wc 0.1 
ATA PAR 
44.238 SEAN CBE 
23H (2) 
E 0.1 
ANK O PAR 0.1 
0.1 shia" A RGTR PAR BIT 
A DATA RAM 4 (2) 
BLS 40°88 A BYPASS 0.1 KRC 0-1 0.1 
. RGTR A BYPASS A RANK O A SHIFT BITS 46-63 
RANK O BLTS 46-63 BITS 48-6 
(KRIQ) 
0. | 
A Mux BITS 46-63 
Ou! O.1 
0.1 A ADDER A ADDER 0.1 
A ABDER RESLT BITS 46-63 RANK O BITS 46-63 A SHIFT BITS 46-63 
B 
BLTS 46-63 (KRB) (KRIO) 
(2x18) CKRS) 
PPMC 0,1 
DATA RANK 4 
BITS 52-63 
0.1 0.1 
BM R RGTR BITS 36-S7/P1 .P2 R RGTR BITS 56,57/P1 .P2 
(BITS 36-57. : ben 
0.1 oi PAR BITS !.2) (exzz/2) 2x2/ 2 
RGTR RANK 3 R RGTR RANK 4 
BITS 36-57/65.66 BITS 36-57/65.66 
2x2272 2x22/2 (KRIB.19) 
KRC O01 
R RGIR RANK 3 (KRIT) 
BITS 36-57 
(2x22) > AC 
KRC 0.1 
UPR R PAR, 
R PAR LWR R PAR 


CHECKER/ GEN 


(2x2) 4c 


(KRI6) 


L 
| DIVISION 


P BARREL, Q BARREL (CIO) (IOU 1.25) 


This diagram shows register (KR) board circuits in a BAS of the CIO. These circuits operate 
the same as described for diagram 1./. However, the 4K/8K Memory Select circuits in the CIO 


60463540 C 


are always in 8K mode. 
constantly set for 8K. 


This is because Environment Control Register Bit 32 (1.28) is 


245 
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0.1 
R RGTR BITS 56.57%/P I .P2 


MAC PPM ADRS BIT PAR 


cI@ €C B 
BITS 43-47/PAR 


26 (35/1) 


0.1 A 0.4 
P DATA BITS 48-63 P DATA BLTS 48-63 


P BARREL 
RANKS 1-3 BAS 0.1 DS KRC 0,1 
Q PAR CHAN BITS 53-63/PAR P DATA BITS 52-63/REGEN PAR 


BIT RGTR 


P_DATA PAR 


0.1 PPM 


(KR28) DATA RANK 4 BITS 48-63 


0.1 
4B-51/P4 


2X4/ | 


Q.P QOT 
(BITS 48-63) 


0.1 
G DATA BITS 48-5 


MAC PPM 
ADRS BITS 48-63 


0, | 
0.1 Cc Q.1 G.1 
Q DATA BITS 48-63 . Q@ DATA BITS 48-63 Q DATA BITS 48-63/P1-P4 4K MEMORY/ P DATA BITS 48-51/P4 
2XtG 2x16/1 (KR29-32) 2x16/2 « MEMBRY 2X47 1 


SEL 


Q@ BARREL © 


RANKS 1-3 DI 
BITS 48-63/ PAR, G RGTR PI-P4 
R BARREL oe 
BITS ce S 0.1 Q DATA RANK 3 
PAR BITS 1,2 R DATA BITS 48-63/PAR ce 


BITS 56.5T/P! .P2 Q DATA BITS 48-51/P4 


(KR2T) 


0.1 DATA PAR 


(2x44/2) 
E 
Out F 
’ Q DATA BITS 48-63 KRC Ov 1 
0.1 @ PAR GEN Q DATA PAR PP RGTR T@ MAC 
O DATA PI-P4 (A) x16) nee BITS 56-63 
(ex4 ) BYTE MUX ( exe ) 4L 
(KR22) Ou (BITS 0-7) 
P DATA BITS 48-63 
(KR20.21) 
0.1 rc] 
P DATA P1-P4 
P PAR GEN P_DATA PAR © 
(KR23) 
0.1 KRC 0.1 
G RGIR PI-P4 PPN ADRS PPM ADRS PAR BIT 
( 2x4 ) CHECKER (2) 260 


(KRZ2 ) 


NOTES: 


1. HEAVIER LINES INDICATE DATA PATHS AND 


Gig) —>— 208 


W2ST SIGNIFICANT ADRS AND CANTROL PATHS. 


DEVELOPMENT § CIB 
DIVISION 


1 E AM 
Cn ee 


PP MEMORY (CIO) (10U 1.26) 


This diagram shows PP memory (KB) board circuits in a BAS of the CIO. These circuits 
operate the same as described for diagram 1.8 except that the PPM in the CIO is always in 
8K mode. 
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KRC 0.1 
P DaTA BITS A 
BITS 48-G3/REGEN PAR 


250 


K 
A 
24E BITS 48-63/PAR 


Jw 0.1 
CHAN DATA 
BITS 48-63/ PAR 


234 rw 


BASS 0.1 
R RGTR DATA 
BITS 48-63/REGEN PAR 


* (ext6/ 1) 


BASC 0.1 
AD) READ DATA 
BITS 48-G3/REGEN PAR 


or 


(K8S,6) 


KRC 0,1 KRC 0.1 
PPM ADRS BITS 48-63/PAR PPM ADRS BITS 48-63 


268 ED 


KRC 0,1 
PPM ADRS PAR SIT 


(2) 


KRC 0,1 
PPM ADRS PAR GIT 


25H (2) 


60463540 C 


0.1 
DATA BITS 48-63/PAR 


B INP PE 


0,1 
RANK | WRITE 
DATA BITS 48-63/PAR 


RANK | 
aa 


(KBI3) 


a 


O.t WRITE PAR BIT 


@) 


Q.1 BANKS 0-2 DATA 
BITS 48-63, SECDED 0-5 


fies 


0.1 

RANK 2 
DATA BITS 48-63 
0.1 
BANKS 0.1! 


DATA BITS 48-63, 
SECDED 0-5 


BANKS 0.1 RAM 
(DATA BITS 48-63, 
SECDED BITS 0-5, 
PPM 0.1.3.4) 


(KBG-10. 12-14) 


0.1 
N BANKS 0. | 
ADRS BITS G-13 


2x2X1 4 


0.1 DATA BITS 48-63. 
: BANK 2 RAM SECDED 0-5 
DATA BLTS 48-63, 
pas BITS 0-5, (2x22) 
M2) 


PPN 0-3 
BANKS 0.1 ADRS 
BITS Q-13 RGR. 
BANK 2 ADRS 
BITS 0-12 RGTR 


(KB7.11.15) 


0.1 
BANK 2 
ADRS BITS 0-12 


(KBIG-16) 


Q 


PPNC 0.1 PE 


(2) x 


ERR@R 


REPORTING 
(KB) 


READ MUX 


PPM PE AP PPMC Q.1 
0.1 CHAN BUT DATA 
G RANK 2 BITS 48-63/PAR 
DATA BITS 48-63 (RANK 2) 

Os 0.4 (222) 238 
READ DATA MUX DATA BITS 48-63. 
BITS 48-63,0-5 SECDED 0-5 

(2x22) RANK 2 
RGTR O.1 
SECDED BITS 0-5 
0.1 
DELAYED WRITE PAR 
PPNC 0.1 
A RGTR RANK 3 
DATA BITS 48-63/PAR 
0.1 jbl 24N 
: RGTR 

DAT. fairs 6-65 
ATA B: 4 

(2x16) L M 

(KB22) 
PPNC 0.1 
DATA RANK 4 


0.1 
DATA BITS 48-63/PAR BITS 48-63/PAR 


NOTES: 


1. HEAVIER LINES INDICATE DATA PATHS AND 
M@ST SIGNIFICANT ADRS AND CENTR@L PATHS. 


| sores [| 


1-71 


tybes- 


MAINTENANCE REGISTER A (CIO) (IOU 1.27) 


The majority of the circuits shown on this diagram are maintenance register A (JS) board Table 1-12 lists the fault status 1 information for the CIO. 
circuits. These JS board circuits assemble and mask fault status ] information for the 
CIO. This occurs in the same manner described for diagram 1.14. 


Table = CIO Fault Status 1 Information 


Not 


BAS 0, PP4 error 
BAS 0, PP3 error 
BAS 0, PP2 error 
BAS 0, PPl error 
BAS 0, PPO error 
Not used 

BAS 1, PP4 error 
BAS 1, PP3 error 
BAS 1, PP2 error 
BAS 1, PPl error 
BAS 1, PPO error 
Not used 

Not used 


Error detected on JW board 

Error detected on KR board 

Not used 

Error detected on KB board 

Error detected on JC board 

Error detected on JD board 

Error detected on JE board 

Error detected on JF board 
SECDED error, BAS 0 

SECDED error, BAS 1 

Not used 

Not used 

12/16-conversion error 

OS bounds violation 

OS boundary address parity error 
Firmware error 

Response code error 

Uncorrected CM read error 
Uncorrected CM write error 

CM reject 

Data-in error — CMI/ADU 

Not used 

Data-out error — CMI/ADU 
Address/function error — CMI/ADU/BAS 
Not used 


60463540 C 


ADU ERRBRS 
A (CQOER BITS 3-7. 
11715,19-23,2T-31) 


READ 
READ TAG 
BITS 3-8 TaG 
ERROR 
10 (6) GEN 
READ TAG 
BITS 6-B 
(USS) 
CM DATA 
MASK READ. IN ERROR 
Du/bas MASK WRITE BITS 52.54.55,55A 
WASK 
(usa) 
E MASK DATA 
MAC DATA BITS 3-T. 
BITS 2-T aes 1-15, 19-23,27-31 REJECT, 
(B) (6) RGTR 0) UNC2@RR READ. a 
‘ UNCBRR WRITE, 
(JSI6) @ BITS 49-51. 
1U 5G 
95.5665 DATA BYTES 6.7 
JE ERROR BITS 
ADRSVFCTN PE, 493-51 .53,56-63 
DATA QUT PE 
D (2) 
J CONVERSION 
ERR@RS 
ann BITS 0.1 
ERROR (2) 
(uWi8) 
be 
JC 0,1 ERROR 
RANK |. 
FIRMWARE ERROA 
RANK | 
BASC 0.1 
SB 
3K 
M (2) 4x ERROR 
BITS 3-7. 11-15, 
BAS 0.1 ERRBR BARREL 13-23,27-31 
PPU ERROR 
KR KRC 0,1 ERROR GEN @0) 
ERROR (2) 
SUMMARY 
(KR23) 
N 
KBC_O. 
ERROR ERROR MAC DATA 
REPORTING (2) WAC BITS 0-T PP NEN 
cD DATA 6) ADRS 
(K83) F/O RGTR 
NAC DATA 
P Bas OI (ss24) J BITS 2-7 | (S28) 
BAS 2.3. (8) 
BOARD ERROR 
ERROR 
GEN 2) x 
(wig) BASC 0.1 
OM DATA PE ead 
Ox (2) DECRDERS 


BaS 0-3 
(JSI7.18) 


60463540 C 


tise 
roe 


4) MAC DATA 
1K 12 02T 
(q)FS! BYTES 6.7 
BITS 56-63 
FSI BYTES 0-7 
BITS 3-T.1 15.4 3-23. 
2T-31 32-39. 40-47. 48-63 MAC DATA 
H BITS 
(2) O-T/PAR 
READ BITS O-7 | quar (B/1) 
Cra i aaa 
CHAN n. nt! INSTALLED MAC DATA FROM DET 33 
(0/1 .2/3.4.5,6/T. 10.11 (JS23) 
16E (T) 
=} 
FS 
BLIS 3-T.11-15.13-23, 
27-31 34,37 46, 53-63 UNCBRR | UNCORRECTED 
@) ERROR ERROR 
BITS 3-T. 
11-15, 19-23, 27-31 
oor ENBL_ERROR ST@P 
MAC PPM ADRS 
BITS 52-63/PAR 
(21) 258,256 
MAC PPM ADRS 
BITS 48-51 
258 


NOTES: 


1. HEAVIER LINES INDICATE DATA PATHS AND 
AND CONTRBL. PATHS. 


W@ST SIGNIFICANT ADRS 


DEVELOPMENT 
DIVISION 78 


MAINTENANCE REGISTER B (CIO) (IOU 1.28) 


The maintenance register B (JT) board circuits shown on this diagram assemble and mask fault The fault status 2 information for the CIO is listed in table 1-13. 
status 2 information for the CIO and store its EC bits. This occurs in the same manner 

described for diagram 1.15. However, EC. bit 32 for the CIO is always set to select 8K PPM 

operation. 


Table 1-13. CIO Fault Status 2 Information 


Error Indication When Set 


0-3 Not used 


Channel 7 error 
Channel 6 error 
Channel 5 error 
Channel 4 error 
Channel 3 error 
Channel 2 error 
Channel 1 error 
Channel O error 
Not used 


Channel 11 error 
Channel 10 error 
Not used 
Not used 
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MAC DATA 
BITS O-7/PAR 


WAC DATA 
BLTS 0-7 


CHAN MASK 
BITS 32-63 


RD 
BITS 0-7 


MAC 
INTERFACE 


(JT2) 


(UTI2.13} 


- MAC DATA 
FROM 028 


CHAN n PAR ERRQR 
(CHAN O-T, 10-11) 


(JT6.7) 


EC 
BITS 
32-39, 42-63 


43-4T os | BITS 43-4T/PAR 
CHAN | 
(5) NUMBER (5/1) 258 
(aT) 
ENBL 
ERROR STOP oTv 


NOTES: 


{. HEAVIER LINES INDICATE DATA PATHS AND 
M@ST SIGNIFICANT ADRS AND CONTRBL PATHS. 


DEVELOPMENT 
2 
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DISPLAY CONTROLLER LEFT SCREEN SEL. WED CHAR SEL. 


La SECT SL CHAR SEL. ASTIG. 


DEADSTART NC. 
760 DATA BITS 56-63 ASCII TO OISPLA CADE : Ola fo ie 6) ilaae eo 780 FULL 
/ (2) 2..4¢ 40) 
UNBLANK ROM AND ROM ENBL (19) TO KETBOARD/ BAS 0-3 P MATCH 
BEAN WOYEXENT RONG FOR said (4) 780 CPU AND BUS DRIVERS 780 FULL. 280 MED CHAR SEL. 
BeAr EIU corGr OBR a CC545 DATA BITS 56-63 Sala CLK OSCILLATOR (2) 780 SEL CC545. KETOQARD SEL. HOLD 
BEAM MOVENENT ROMS FOR : (8) (3) BATTERT CIRCUIT G) FCTN ON CHAN 10, DEADSTART MC 
DISPLAY CODE 0-17 CHAR 750 AND TPM RESET 3) 10.20.26 G) DEADSTART MC. 
ADRS DCDR (4) 2,0(KB).2.6(KB). 
Sw DRIVERS (4) (s) 2.3( NC. JU). 
8 DEADSTART BUTTON EPRONS & RAM (5) 2.4¢JA. JS). 
PORT O UART (6) 2.5(JT) 
JN O-3 FLAG (4CQ0E BITS 73-15) CHAN 10 FLLL. ACTIVE. FLAG, RSZ32 DRIVERS & RCYRS (6.7) 2,8( JA, JS.JT) 
2.0¢ UH) 2 ee PORT 1 UART a : DS_IN PROGR 2.0K). 
4) 2.40) NID EC BITS 43-47 CA CS Ine PORTS (8) 2. uF) 
JW 0-3 FLAG (uQ@DE BIT 85) sae G) 4, DATA INP PORT (9) 23 PPO _AT RANK 4 2.0(J8.KB). 
2.0(uN) (4) DISPLAT CONTROLLER INP RIGHT UNBLANK. aie FCTN & DATA BUT PORTS (0) 2.340. JC). 
: on bins LEFT UNBLANK ENBL RI BUS, HLDG RGTRS Cn) 2.4( JS). 
DISPLAY CONTROLLER FCIN 3 (2) INACTIVE RESPONSE. ROT RESPQNSE HLDG RGTR STROBE CENT qi) BAS 0-3 DS CHAN BITS 59-63/PAR 2.5¢ JT) 
PPM 0-3 CHAN 10 SEL tts 2.400) (3) 1208 RSZ32_STATUS GTR (ie) 124, 2.0(KR) 
2.0(KB) (4) se S RGTR & CHAR CODE SEL MUX , NON RSZ32 DATA & PERT O DATA MUX = (12) @x5/ 1) 5 : 
ANALOG X. ANALOG 1 bIsLar rete lhe aldo abt PP RECONFIG BITS 61-63 2.3¢uC, wu) 
FIRST STAGE T) CLx, | MHz CLK 6 : SEL_R 16 CH a ae ae tus RIVERS cs) : G) 2.0(KB). 
2.4¢JA) (2) t8 © Seu BISPLAT CENTROLLER/ RADIAL BITS 61.62 2.4 0) 
: PERT O SEL B.C.D & CHAN 15 INTERFACES (16) PP RECONFIG BITS 59,60 (2) 2.0( U9) 
KETBQARD DATA 58-63. KET DOWN, BAS 0-3 CHAN 0-13 DATA PORT 1 SEL B.C.D CHAN 15 BUS PAR CHECKER (17) 20 (0) 
KET UP. DS BUTTON 48-63/ PAR (6) 7 INP DATA ECL/TTL CONV ae @ Sat), 
FROM g 20 PORT FIFSS . MPTY TO WAC, : 
KEYBRARD oO ach St PANEL a On aa SBD FCTN Con & TTL DCOR (13) | seit Sein ON GUN IT, 250 CONECT TO RT. 
PORT | BALO SEL A,B,C SISTEM PRR RELAY C2NT (19) 7B0 NEXT FULL TS FCTN. 280 DISCONECTS AI. 
BAS O-3 CHAN 0-13 STATUS: (6) 4 ZB0 FCTN OCDR (20) ZB0 ACT. ZB0 INACT 
FULL, ACT. ERROR. FLAG TP FCTN OCOR (21) 120 2.400) 
2.0¢ 0m) TP INTERFACE CENTS (22) (8) . 
mei P 17 CNTRS (23) ZBO/RI BITS 56~63/PAR 
5 re 
on DS CHAN NUNGERS UX (a1) e649 
SYSTEM POKER UP ONE-SHOT (26) 
DS BR TEST (27) 2.87) 
Tr CLK F/® (27) DEADSTART SEQ IN PROGRESS. 
CHAN fn FULL IN (EVEN CHAN), LDS PART 2 
CHAN n EMPTY IN (EVEN CHAN), ° (2) 2.3) 
CHAN n ACTIVE IN (EVEN CHAN), 
CHAN n INACTIVE IN (EVEN CHAN) BAS 0-3 CHAN 0-13 STATUS: ERROR IN CHAN 15. TPM FULL. 
a 15 » ERROR. FLAG TP EMPTY. TP INACT 
17.22 
CHAN nti FULL IN (20D CHAN), 
CHAN n+l EMPTT IN (90D CHAN), 
CHAN n+! ACTIVE IN (200 CHAN), 
CHAN net INACTIVE IN (B00 CHAN) 48-63 PAR 
{ 
DP CABLING (4x12) (4x16/1) 
! 4.096 uSEC, CHAN 15 FULLBUT, 
CHAN n BITS 5S2-62/PAR (EVEN CHAN) CHAN 15 EMPTY BUT. CHAN 15 
: FCTN @UT. CHAN 15 ACT GUT. 
BAS 0-3 CHAN 14-33 DATA 48-63/PAR CHAN I5 INACT QUT. CHAN 15(8) 
- FULL STATUS, CHAN 15 ACT STATUS 
CHAN ne! BITS 52-63/PAR (20D CHAN) (4x16/1) a CHYN IT 
(i2xi2/) , Bol PAR 
ARE 
CHAN Fu 2.0 U8) see UTILITY CHAN a 2.507) 
is acT ERROR Tue ; 14.15.17 CHAN IT PAR ERROR. CHAN IT Fld. 
, . FCIN 4 SET CHAN 17 EMPTY, CHAN IT ACT. 
BAS 0-3 CHAN 14-33 DATA 48-63/PAR 2 = CHAN INACT. CHAN IT FCTN 
Giist actbat Gxi6/1) . wCODE BITS T3-75 RANK 4 yd 2.4(y0) 
oe CHAN O-T. aad 30-33 SEL Baa Ut i ae Ga tS ee os (3) CHAN IT RI DATA BITS 56-63/PAR 3 
“SUT? ) Q (ixizr») CHAN 15 FLAG RGTR (4) 2.4(00) 
CHAN nh FULL are QUT. EMPTY ead wa (5.6) CHAN IT RI DATA BITS 52-55 
abies aay ai QUT. INACT BUT. PAR QUT. FCTN BAS 0-3 CHAN [4-33 STATUS: PULL. ACT. ERROR. PLAS Gun 15 DATA HLDG RGTR (7) (4) 2.4(0) 
4 QUT (EVEN CHAN) CHAN DRIVERS ¢ — 
DATA MUX ig ae q 11/18.190/1T (1 1x6) Cw) DE ADSTART { CHAN a rl CHECKER aR REGEN (T) AN 15 PAR a4 2.50 UT) 
PPM O-3 CHAN SEL n LEVEN CHAN) I ..-e o oi os ST ee aR iy ” DATA AT 601 Pret 
soe) Gxit) 17 EvEN/200 CHAN pare RCYRS sis (200 CHAN) OUT CABLING nCQOE BITS 73-75 Chat ii russ RGTR £10) past 0.1 CHAN 15.17 sant 
BATA ceoeee ork (6x3) CHAN A FULL. ACT. p 
PP 0-3 CHAN SEL n+! (200 CHAN) EVEN/200 Gren Cont SIGNAL (exter) ee BITS S-60PA C112) Tig ig ay) 2.6¢ 0m) 
rr RCVRS CHAN n¢! PULL OUT, ACT QUT. EMPTY JIC 0.1. JW 0-3 FLAG CHAN IT DATA HLDG RGTR (13) . 
2.08) (4x12) EVEN/20D CHAN INT/EXT SEL WL BUT. INACT OUT. PAR BUT. FCTN SUT ene 6) Quan IT OUT ORDERS |, aD BASC 0.1 CHAN 15.17 DATA 48-63/PAR 
EVEN/200 CHAN DATA HLDG RGIR CHAN 2.6{ 8) .2.00 50) . CHAN oS 2.6( 08) 
JU 0-3 COOE BITS T3-15 EYEN/200 CHAN FCTN 3 PAR 11718, 107 D> i mene BAS 0-3. € 9.1 GUN SEL. DOOR 14-15) oes 
mais PPMC 0.1. CHAN ; CHAN 15 FLAG OCOR i 
eye) (43) EVEN/2OD CHAN DATA XMTRS BAe: DATA AY E-BOT >: OG 02K PPMC 0.1. PPM 0-3 CHAN 14 OR IT SEL CHAN IT FLAG DCOR £16) | STOVAL NMES YITH THE PREFIX BAS 0-3, 
SIE O ce cane (12) 2.4¢ 40) 2.61KB),2.0(KB) (6x2) S59 RA aT) — " Jy 0-3. PPM 0-3, OR KR O-3 HAVE ORIGINS @R 
VW 0-3 FLAG (yC2DE BIT 85) SIGNAL xMTR cig) eSUNDRe: re 8.19) DESTINATIONS IN THE NID (A AND B 
2.0m) (4) YEN) G/T. Wt, 1/13, Evel. 22/23. 24/25. EMPT BAS © DATA BUS DRIVERS (20) PANELS). Z 
EVEN/200 CHAN CONT (1219) WAC FULL. MAC EMPTY BASC Ovi JRC Ost. PPMC 0.1 BR KBC 0.1 HA 
CHAN STATUS MUX Panel: Do ot see $3) MAC INACTIVE. RI/WCH ERROR BAS | DATA BUS DRIVERS (21) BT OO UNATIONS IN THE CIB 6 
NO-T.11-13.20-27 30-33 MC wC2OE BFRS (2) 2.4008) yer (a) 10 Gas 2 fs 4 SERS : 
2.5¢JT) @ rage a CHAN TIPE 0-3 BAS CO DATA BUS DRIVERS THe 
GK we = 4) 2.4005) LAD. READ : BAS CI pata BUS DRIVERS 
2.4(00) <p t CLK XMTRS CHANT PAR ERROR (0-7. 11-13, 20-2T, 30-33) 2.4050) ) WAC INTERFACE 
WERrAL:) 23) 2.KuT) 2. 4tW0) C} ED 4: 


60463540 H 


LAL Aad 


PPM O-3 


DISPLAY CONTRALER 


1 DATA 56-63, 
ZBO DATA BITS 56-63 ago U4 ponies —— x DATA "5-63 280 DATA BITS 56-63 (2) DEADSTART Me. 
TO KETBOARDY ULL 
URBAN REN AND ROM ENB KS) (19) MPs lea BAS 0-3 P MATCH 2.4¢ V0) 
BEAM MOVEMENT ROMS FOR Z 2.0(KR) 
DISPLAT CADE 20-57 QR 4) Cosas Data GEIS F565 ) 
BEAM MAVDENT ROMS FOR (8) (3) 
DISPLAT C80E O-1T CHAR (5) _ 
= HORIZONTAL DEADSTART MC. 
DEADS 3 Pho oles 
(a) et ‘ s 
-4¢JA.JS), 
JH O-3 FLAG (sCODE BITS TS-75) | xeyBoARD BFR ON 10 FUL. ACTIVE. FLAG. 2A uA. 
2.0UF) ( 4x3 ) e DISPLAY CROCE 12 ASCIT 2.6¢0A.J5,JT) 
(4) 2.4( 00) Noa EC as-4T CAL CLK 20 DS IN PROGRESS ; 2.0m) 
JN 0-3 FLAG tyC@0€ BIT 85) 2.57) 4. STATUS INP PORTS (8) 2.UF) 
23 RIGHT UNBLANS. ‘Su (5) DATA DN PORT 9) PPO ATRAK 4 
2.0 UH? (4) LEFT UNGLANK EN& AI BUS. FCTN & DATA GUT PORTS (10) ae ed 
@) INACTIVE RESPONSE, ROT RESPONSE HEDG ROTRS : eis alee 
5 { ° a 
PPM O-3 CHAN 10 SEL 2.4400) G) 16 : BAS 0-3 DS CHAN BITS 59-63/PAR 2.57) 
2.01KB) (4) : 1) NON RS232 DATA & PERT O DATA MIX ( E429 Gx5/1) 2.0 KR) 
ANALOG X, ANALSG T OISPuLar TPal STATUSY DATA/ MUX ay BIT & 
a CHAN 15 BUS DRIVER PP REQONFIG SITS 61-63 2.3000. JUD 
FIRST STAGE TI CK. | Mz CLK @ ‘is ‘é a 
; x 2.40) = RADIAL INTERFACE BUS ORIVERS (15) oe (3) 2.0 KB), 
ee BAS 0-3 CHAN 0-13 DATA PART O SEL 8.C.D mar a ea i BITS 61.62 2.440) 
KETEDURD OATA 58-63 NET COW, preys PORT | SEL B.C.D 4 | OWNS BUS PAR CECER aH PP RECONFIG BITS 59.60 -—(2) 2.0.0N) 
‘S 20 2.0%um) (6) elgg all cay ag) we (2) 2.4600), 
KEYBRARD SH PANEL ap ee 780 FCTN CONY & TTL DCOR 19) LDS STATUS BIT. 280 EMPTY T2 MAC. aoe 
BAS 0-3 CHAN 0-13 STATIS: wes STSTEM PRR RELAT CENT cig) «| HERD FCTN ON CHAN IT. 280 COMMECT TB RI. 
PUL. AT. ERROR. FLAG (6) ZED NEXT FULL IS FCTN. 280 DISCONECTS RI, 
2.0% 0m) ane 
: 1 BR (8) 2.4600) 
2.24 Ju) Ny Cr BS PAR i ZBO/RI. BITS SE-B PAR 
STSTEM POWER UP QNe-SHOT Cat) 2.400) 
BR TEST TINEBUT CATR (3e) 
(26) ’ z ONO IDL 
OS OR TEST (27) = EN. UNCOAD IY 2.54uT) 
CHAN n FULL IN (EVEN CHAN) Ti GK F/B DEADSTART SEQ IN PROGRESS. 2.8 JT) 
QUA n EYPTT IN (EVEN O4AN) 
CHAN A AC « CHAN), 
CHAN n INACTI CHAN BAS 0-3 CHAN 0-13 STATIS: 2.K UF) 
" SRYES i FULL, ACT, ERROR. FLAG 
HAN n+! FULL IN (900, CHAN), 
CHAN ntl E T d. 
Sie st EI ate oe, sO ou 19 Ot za ow 50a fs 0 
a ~ 4.096 uSEC. CHAN 15 FULLEUT 
CABLING A u ? t ' 
CHAN n BITS 52-63/PAR (EVEN CHAN) CHAN 15 EMPTY OUT. CHAN 15 
; BAS 0-3 CHAN 14-35 DATA 48-63/PAR CHUN 15 INACT Bus CHAN 15(8) 
f FULL STATUS, CHAN 15 ACT STATUS 
CHAN ntl BITS 52-63/PAR (20D CHAN) (4x16/1) 
, ant 
BAS 0-3 CHAN 14-33 STATUS: FULL. = 
ge BAS O-3 CHAN 14-33 DATA 48-54/PAR Mast co 17 Pak Ewan, OWN IT ALL. nn 25ST 
os Soot Oe catia 
: ! 
CHAN n DATA QUT 52-G3/PAR uQQOE BITS T3-T5 RANK 4 (2) 10 
CHAN O-T, 11-13. 20-27, 30-33 SEL ee (EVEN CHAN] CHAN 15 uCODE (2) (6) 2.4600) 
2.5uT) 3) 2 (11 x12) CHEN 15 uCOCE ALTRS (3) “CHAN IT RI DATA BITS 56-G3/PAR 
CHAN (a1) 2.4¢ 90) 
L00, READ BAS O-3 CHAN SAL MX (2-5) Se ee cern, BAS 0-3 CHAN 14-33 STATUS: FULL, ACT. ERROR. FLAG thee ay Aueryiiee tate pore aes 
eer @) 22 BAS 0-3 DATA INVERTERS (2-5) Ce CUNT CHAN 15 DATA HLOG RGTR He 
, EVEN/200 CHAN BAS 1/18, 10/1 © CHAN 15 QUT DRIVERS (T) (4) 2.4600) 
DATA MUX BITS 48-63/PAR (6.7/ (a) DEADSTART _M ! CHAN 15 PAR CHECKER & REGEN (T) 4 CHAN 15 PAR ERROR 
PPw O-3 CHAN SEL n CEVEN CHAN) EVEN/G00 CHAN DATA RCVRS CHAN ntl DATA QUT 52-63/PAR QUT CABLING UNC 0.1. UR O-3 CHAN IT wCROE (B) 2.50NT) 
! (@00 CHAN) CODE BITS 73-T CHAN IT «CQ0E XLIR (9) 6 MAC DATA AT 80 
2.0KB) EVEN/@00 CHAN INP ' . 2 CHAN 1T FLAG RGTR (102 2.4¢va) 
DATA DESKEW RGTR 2.6(8):2.0000) — (6x3 ) CHAN 17 DATA INP MUX BASC 0.1 CHAN 15.17 STATUS) 
PPM O-3 CHAN SEL nt! (200 CHAN? EVEWA00 CHAN CONT SIGNAL fo suelo RAL BT ACK OUTS ETT PC ere atts 8-59 PAR C112) |g yg PE: AT_EfRR, FLAG 
2.0(KB) (4x12) EVEN/200 CHAN INT/EXT SEL MAX (9/18) PUT ACT ee ee Ss Pee (yCROE BIT @5) COT Bae oe nom 13) ( ex4) 2.6(UN) 
EVEN/200 CHAN DATA HLOG RGTR CHIEN AP sieve) 2.6(8).2. 008) 6) CHAN IT PAR CHECKER & REGEN cH BASC 0,1 CHAN 15.17 DATA 48-63/PAR 
JV 0-3 uCO0E BITS T3-T5 EVEN/Q0D CHAN FCTN & PAR (126) BAS 0-3, C 0.1 CHAN-SEL COR (14,15) 2.6¢um) 
(4x3) XTRS ClOv17) MAC DATA aT 802-BOT, BIG-82! PPwC 0.1. PPM O-3 CHAN 15 OR 14 SEL, CHAN 15 FLAG OCOR (16) , 
2.0U") EVEN/200 CHAN DATA XMTRS Covi?) C sa) PPMC 0.1. PPM O-3 CHAN 14 OR IT SEL CHAN IT FLAG DCDR 16) NOTES: 
UW 0-3 FLAG (uCO0E BIT 85) RIAA ST C1718) rife et oe 2-G6K0).2.0N8) (82) MAIS REAR UE OX C7) I, SIGNAL NES WITH THE PREFIX BAS 0-3. 
2 : EVONERD OR Tose REN ci || ST es. eave. eves. 24/25. BAS 0-3, 0.1 STATS DRIVERS (18.19) DESTINATIENG IN’ TE MIO UA HOB 
Rew) (4) EVEN/2DD CHAN CONT (ivi) ; : MAC FULL. MAC EMPTI BAS 0 DATA BUS ORIVERS } 
26/27. 30/31. 32/33) ) PANELS). SIGNAL NAMES WITH THE PREFIX 
CHAN STATUS MUX (20) MAC INACTIVE. RI/MCH ERROR BAS | DATA BUS ORIVERS C2t) BASC O.1, JRC 0.1. PPWC 0.1 OR KBC 0.1 HAVE 
NO-T. 1 1-13,20-27,30-33 MC uO20E BFRS (2) (2) 2.4008) aca) G) 9 | BAS 2 DATA BuS ORIVERS (22) ORIGINS GR DESTINATIONS IN THE CI@ (C 
2.517) @ ei Tite SE: tos CHAN TIPE 0-3 ; BAS 3 DATA BUS ORIVERS (23) AND D PANELS). 
we pee 3 9 oe oe Be ma AS Ouvers 1) | RASTA Sha De ort 
/ 5 Al 
a OR LED CLK XMTRS (23) CHAN PAR ERROR (0-7. 11-13, 20-27, 30-33) 2.4¢0) (2) a (26) THE LEVEL 4 LOGIC DIAGRAM. 
2.4 Gin: By 2.57) THE NUMBERS ON THE OUTSIDE 
2.4100) CLR LED 26 EDGES OF THE MALLE BLOCKS RELATE 
SIGNALS TB LEVEL $ SHEET NUMBERS. 


3. HEAVIER LINES INDICATE MAUR DATA @R ADORESS PATHS. 


LAG AM 


0-3, PPM O- 
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BUS O READ PE 0-3. 
BUG | READ PE 0-3. 
Inf DATA 

PAR ERROR 0-3 


21.22 


BUS 0.1 READ DATA PE 


2.7 UX) 
BUS 0.1 READ ENBL 
BuS 0,1 ADRS BITS 36-63/PAR 0-3 
2.11) i ‘ 
20 NY_CHAN_15 BUS PAR 
2.4¢0S) CHAN 0-4 eae ee 2.1K) 
A f 
CM ADRS BITS 43-SQ/PAR 1.2 P aA AY Ree te ad 
(2) 2.5(HR/ UR) 
PORT 3 ADRS BITS 34-60/68-T! 
(27/4) one 
2.3( JU, uC) ACG CMI ERROR. DATA QUT PE, 
‘car (2x2 ) 2.4¢uS) 
DATA_IN PE Sts) 
BUS © @DD/EVEN SEL 
8 
| 
a 
| 


2.4(00) 


BUS Q.1 READ ENBL 


BITS It. te. 
BuS 0.1 COD/EVEN SEL, 
FORCE DATA IN PAR BIT LOM, 
FORCE DATA QUT PAR BIT Low 


2.4000) CLR LED eT 
ADU ¥R DATA BITS 
O-63/PAR 0-7 
2.3¢ JE UY) 648 { 


Z\, PORT 3 READ DATA 0-63/64-T1 
64/6 


2.4¢JA) 


2.50UT) 
2.4€ 50) 


CHAN 5.6.7,10. 11 
Ci ADRS BITS 36-42.59-63/PAR 0-3 


FORCE DATA BUT PAR BIT Lox, 
Le DATA IN PAéR BIT LON. BITS 11.12 


2.3 JE WY) 


CMI ADRS 
FCTN L4 SEET 
2.4(JS) 
CM ADU ADRS BFR BITS ADU RESP CQ0E BITS 0-2/PAR 
3-42, 59-GYPAR 18 
0-3 8 MEM FCTN Ca) 
‘ /PAR (2) 21 ADRS/FCTN PEO 
ea 1 25: i BF tee % : aa 
A (7) 18 ADU RESP CODE PE 
w BUS TIME 2 3 MRS BITS S40. EOE 
\ , 60-6 ) 
Mean oH BUS 0.1 RESP CODE PE. 
6) has ee ca ee nas BUS 0.1 RESP CODE BITS 0-2/PAR 
i ' s ° ui 1 4 * ig 
(43) BIT 0 (13) 2.7 Ux) 
BUS 0.1 MEM FCTN BIT 2 OEP el me Rae ek 
2. TCX) (2) 3.204 ogEcIN BUTS O-4/ PAR cia) fe! UNCORRECTED ERROR 2.4¢ 50) 
S DCDR 
ates we 21 pees tare Geen ies 15) PORT 3 FCTN COOE BITS 0-3/4 
ENBL RESP O, INV RESP CQOE PAR ADU INP FR a5) 4 (4/1) cnc 
AIT. QUT ERROR O. INV FCTN BUS O RESP COE MEW (16) 
QUT PAR BIT. ANT QUT ERROR BUS | RESP COE MEM C7) FORCE TAG QUT PE. 
G) 16.21 tt 22.18 RESP CODE PAR CHECKER (18) FORCE TaG IN PE. 
HLDG (19) FORCE PR 
A\__ PORT 3 RESP_COOE 0-2/3 RESP SEL 3) f20 ae) pladaideal 
7 €D 15] CHAN RESP sav (20) (3) 
en FORCE ERROR DECADE (20) 
LED MUX (21) 
2.4US) UNCORR_NT® ERROR et ADRS QUT PAR CK (21) O-21s1619 (2) 
ape UNCORR_NID ERRER_B T TEST MODE (21.22) 
PE FNE (21) 
BUS 0.1 MEM FCTN BITS 0.1,3/PAR CK F/8 (22) 
2.7 JX? 2xI1 3 


UNCERR CIO ERROR A.B 
2.8CuS) 


NOTES: 


|. SIGNAL NAMES WITH THE PREFIX BaS 0-3, 
Jw 0-3. PPM 0-3, OAR KR O-3 HAVE ORIGINS R 
DESTINATIONS IN THE NIB (A AND B 
PANELS). SIGNAL NAMES WITH THE PREFIX 
BASS 0.1. UMC 0.1. PPMC 0.1, OR KRC 0.1 HAYE 
ORIGINS QR DESTINATIONS IN THE CIO (C 
AND D PANELS). 


2. FUNCTIONS ARE LISTED IN THE MODULE 
BLOCKS IN QROER OF THEIR APPEARANCE IN 
THE LEVEL 4 LOGIC DIAGRAM. 

THE NUMBERS @N THE @UTSIDE 
EDGES @F THE M20ULE BLOCKS RELATE 
SIGNALS TO LEVEL 4 SHEET NUMBERS. 


3. HEAVIER LINES INDICATE MAJOR DATA OR ADRS PATHS. 


notes /A\THROUGH AXREFER T2 MODEL 840-860 SIGNAL NAMES. 


A TQU RESPONSE CQDE BITS O-2/PAR (CW 3.9). 


60463540 G 


43) 23:11) 


2.400) CLR LED 
2.400) uw 
2.3(0C.wU) Cu_ADRS PAR ERROR 
TAG BITS 3-B 
2.30 5D) (6) 
OM REG TO CWI. 
FORCE CWC BUSY TB CN 
2.300) (2) 
TAG BITS 0-2/PAR. 
TAG/FCTN PE 
2.3( EUV? Ca) 
BUS 0, REQ 
BUS 1, REQ 
2.7051) (2x2) 
PORT 3 TAG QUT 
BITS 0-7/8 
cc 
CS? PERT 3 RESP QUT. 
A P@RT 3 BUSY QUT 
cuc 
(3.13) 2) 
BuS 0 ADRS BIT 63. 
BUS | ADRS BIT 63, 
BUS 0 CI, 
BS 1 CI 
2.701) 
2.3(UC) ADU MC 
2.3(UD) PPO_AT_RANK 4 


ZX Iw ARS BITS 2-28/32-35 (CMC 3.1). 

Z\ I2u FCTN CODE BITS O-3/PAR (CWC 3.1). 
AN Iau READ DATA BITS 0-63/64-71 (CWC 3.9). 
LQ ou TaG BITS 0-T/PAR (CMC 5.9). 


ZA\ Tou RESPONSE. Tou PORT BUST (CWC 3.11.3.4). 


A®\ Tou WRITE DATA BITS 0-63/64-T1 (OME 3.1). 
AX Tou WARK BITS 0-7 (OE 3.1). 

AA T0u WARK PAR (OME 3.1). 

AX Tou TAG BITS O-T/PAR (OME 3.1. 

AX Tou REO (OME 3.1). 


2.4 


10.2 


FCTN CMI DATA 


WR BFR ADU DATA 
‘BITS 0-15. PAR 0.1 
Cul BUS | ADRS & DATA 


QUT BFR 
CwE BUS O ADRS & DATA 
OUT BFR 
CML QUT DATA MUX & QUT 
RGTR BITS 0-3, B11 
DATA XMTRS BITS 
O-7, PAR O 
DATA XMTRS BITS 
8-15. PAR | 
Cur INP BFR ADRS 
OCOR & F/B 
CML READ DATA RCYRS & F/O 
INP DATA OUT RGTR & 
PAR CHECKER BUS | 
INP DATA BUT RGTR & 
PAR CHECKER BUS O 
INP DATA OUT RGTRS. 
PAR CHECKER. ADU DATA QUT 
BUT DATA PAR CHECKER 
ERROR LED 
INP DATA PAR CHECKER 
CLK F/8 


FCTN 


REQ QONT 

REQ RESYNC RGTR 

TAG BITS IN RGIR 

TaG BLTS IN F/9 

ADU REQ QUT RESTNC 

TAG IN 8-3 BIT CONVERSION 

READ BFR ADRS BITS RGTR 

ADU READ ADRS CNTR 

TAG BIT DCOR FOR 20D/ 
EYEN CHAN RESP 

ADU TAG BITS BUT RGTR 

BUS 0.1 TAG BITS QUT GEN 

CHAN GO F/2 

TAG BITS QUT MUX & 
XMTRS 


WR ADRS & WR 

ENA F/9 

READ ADRS & READ ENBL F/2 

TAG BITS 0-7/PAR & CM 
REQ FOR SELF TEST MODE 

BUS O ERROR CHECKER 

ERROR MUX 

CLK & MC F/8 


. WRK BITS 0.1 
L4 SHEET 


(2) 
(3) 
(7) 


Cin) 


(13) 


14) 


(15) 
(16) 


(24) 
(25) 


(26) 
(27) 
(27) 
(27) 
(28) 


(3) 


(9) 
(10) 


Cit) 
Cth) 


(14) 


(16) 
C17) 


(18) 
(19) 
(19) 
(20) 


eT 


eT 


BUS O READ PE 0-3, 
BUS | READ PE 0-3, 
IP DATA PAR ERROR 0-3 


QUT DATA PAR ERR2R O-3 


(4) 


Cw READ DATA BITS 0-63/PAR 


er 


13 


ae, 


& 


(3) 
BUS 0.1 READ TAG 4-6 
= (2x3) 


JH A02-A05 CMI ERROR 


(4) 


PORT 3 BRITE DATA 
BITS 0-63/64-TI 


0-7 


PERT 3 MARK BITS O-T AX 


Bus 0. Bus | 
DATA BITS O-63/PAR O-T 


CHAN 5.6, 
Ct AN 5,6. 


2.7 JT 


7.10.11 900 RES. 
7.10.01 EVEN RESP 


READ ENGL READ ADRS BITS O.! 


ADU REQ) ADU WR ADRS BLTS 0-2: REG 


0.18 ¥R ADRS BITS 0-31 BUS O REQ: 


9.6.16 


BUS 1 REQ 


ADU READ ADRS BITS 0-2s BUS _O READ ADRS 
BITS 0-3; BUS 1 READ ADRS BITS O-3s SEL 


BITS 0.1 


(3) 


TAG QUT PE 


JG _BRARD_ ERROR 


ADU BUS RESP. 
ADU REQ 8UT, ADU REQ 


@) 


TAG BITS O-8/PAR 
ADU_WC. 
CHAN O-7,.10.11 G 


(5) 


IN 


PORT 3 TAG BITS 0-7/8 EN 


PORT 3 MARK BIT B 
PORT FS REQ 


TAG_IN PE 


As 
nt 


2.71) 


2.3¢0F) 


2.4€US) 


we 
(3.118) 


CMC 
(3,110) 


2.7051) 


(8) 
4) 


) 


si Saal 


2.4CUS) 


2.4008) 


2.3¢UD) 


2.3€UD) 
2.3¢u0) 


2. TJX ST) 
ar 


Cw 
(3.110) 


Cue 
(4.120) 
2.4405) 


a ai rs | 


ees 


2-3 @ 


KRC 0.1 A RGTR RANK 3 BITS 62.63 


(8) . 2.6(KR) (22) 
EXCH ACCEPT BAS 0-3 2 
2-77.14 EXCH ACCEPT BASC 0.1 2. BUT) CI@ ENOL ERROR STOP 4 19,17 


3 (6) 
KR O-3 A RGTR RANK 3 BITS 62,63 
TAG PAR. PP CNT BITS 0-2 RANK 4 ; 2.0(KR) (4x2) 3 
9,10.14,15 (4) 7 


ADU CONT WI Al3 BAS 2.3 
2.4400) OLA LED 3 El 
ADU RESP CDE BITS 0-2/PAR TAG BITS 3-8 : : 
= Seas ann ene JIC Ov JE 0-3, NAL READ FCTN 
Cx1) PP PRIGRITY BAS | a) Beets (6) ‘ 
2.20 du) PP PRIORITY BAS 2 (M REQ TQ CHI. FORCE : ‘ 
ADU_RESP CODE PE 13 PP PRIORITY BAS 3 (5) CMC BUSY T2 CMI 2.8¢S) UNC Ost UW O-3. ENBL WRITE FCTN DATA, FCTN. & BAS 0 
RESP. ADU PP PRIBRETY BAS O : re 6.7 SEL F/O (2) 
AD) BUS RES PP PRIORITY BASC | (7) 2 (6) 5 
REQ QUT» ADJ REO IN hes hone éB) a ae DATA, ECTNs & BAS | xe 
G) : CLK F/O ae UNCRRA READ. UNCORA g-OtUMY' JHC 1 UN-O-3. 16-BIT MODE RANKS 3 EXCH REO LOGIC 
Ee Ai ad (10) WRITE. RESP CQOE PE. JD ERROR ; 6 GT BAS O 
2.206) TAG BITS O-8/PAR v2 | Tag DOOR a2) | 2.4 JS), Fat ew ere fe 
Can) RESP DCDA (13) READ ADRS BITS 0-2. 2.8 JS) U¥C 0.1 UW 0-3, ADU w CODE BITS O-2 WRITE ENA & EXCH 
wee CHITS EQUA. TEST (13) BAS O-3 D5 FULL» BASC 0.1 D5 FUL ED 6.1] J REQ BAS 0 (6) 
FORCE ERROR CODE BITS 61-63 ae WRITE ENGLS & EXCH 
re WC 0.1 JW GO-63 CM FCTN REQ BAS | (7) 
2.4uS) (3) BITS O-3/PAR Bs 0 cP FCTN aITS (B) 
e.0luw), 23! t FCTN BITS (8) 
PPO AT RANK 4 15 stad CK F/B 
2.1K) TAG BITS 6.7.8. BAS 0-3 SEL. PPNC 0.1 PPM 0-3 DATA RANK 4 m0 F/2 
ee 8 BASC 0.1 SEL, PP CNT BITS 48-63/PAR TAG PAR CHECKER & GEN (17) 
2.40) BITS 0-2 RANK 3. QO0/EVEN (TAG BIT 2) 2.0(KB) : BOARD ERROR CIT) 
EXCH RESP 14 12.15 2 G{KB) QUT RGTR BITS 0-47 (18) 
2. 5¢HR/ UR) . QUT RGTR BITS 48-63/PAR, 
pie) TEST M20E_5x 10 weary ENBL_ERROR_ STOP 4 FCTN & TAG 19) 
ADRS/FCTN PE Q.1 ‘a i5 PPO AT RANK 4 2.236) PPMC 0.1. PPM O-3 PE sce 
2.20) (2) 2.6C JN. KB), Screey: (6) * 
2.88, JT) : 
13 TAG IN PE diss BAX 0.1 BAS 0-3 INV TAG QUT PAR 
15 ADRS/ECTN QUT PE 2.48) e BLS) © 
Ps) LR_LED ha 


2. CHIR) EXCH RESP 4 


EXCH ACCEPT BASC 0,1 
EXCH ACCEPT BAS 0-3 


(6) 4.5 J 
TAG PAR. PP CNT BITS 0-2 RANK 4 
(4) Zt 


CI@ RGTR SEL 1.2. CIO SEL PP RANK 3S. 
CI@ ENDL R + A TO MEM, CID ENDL 
958 ERROR 


2.K UT) 
26.25,17.10 


READ ADRS BITS 0-2 


BAX 0,1 BAS O-3 SEL 


2.57). (6) £3.28 4 45 
2.8( JT) 
2.1K) PPO_AT RANK 4 eT 2.4000) CLR LED 
BASC 0.1, BAS O-3 INV 
2.1K) os Me 7 re DATA IN PAR 
WAC DATA AT AOS. AIO. ALI 
W ADRS STORE as Bete) ©) 
2.460) t-5 (3) : CM READ DATA 
0 SB ERROR GEN (10) BETS 0-63/PAR O-T BASC 0,1, 
. Cu ADRS P TS : 3 BAS 0-3 CM DATA PE 
ON 22,2526 BASC 0.1 JU ERROR, BAS 0.1 UC ERROR. 2.2( JH) 14 
Baki @) BAS 2,3 JU ERROR QOD/EVEN {TAG BIT ADRS MUX ©) Saray 
KRC 0.1 KA O-3 A RGTR RANK 3 19 6) ab 8 2), TAG BITS 6.7.8, BAS O GEN CHIP ENAS BASC 0.1. : 
Ore aes SUB) PP CNT BITS 0-2 RANK 3 BAS | GEN CHIP ENS BAS 0-3 DATA ROY RAN 4 
BASC 0.1 BAS 0-3 R RGTR DATA ®- BAS © DATA ROY 5-7 
2.0(KR). ——-{6X16) BITS 48-63/REGEN PAR 1) BAS 1 DATA ROY (6) 2.04 JH). 
2.60KR) RC 0.1 KR O-3 A RGTR RANK 3 821.1922 so ot aes BASC 0.1 SEL. : DATA IN BFR BITS 0-15 BASC 0.1, Sey 
BLTS 46,47 5 BCKB) BAS 0-3 SEL DATA IN GFR BITS 16-31 BAS 0-3 ADU READ 
Ca) BASC 0/1 DSBL MAC. DATA IN BFR BITS 32-47 DATA BITS 48-63/ 
g.O(KR), —p— BAS O/ | DSA MAC. DATA IN BFR ALTS 46-63 REGEN PAR 
: KRC 0.1 KR 0-3 R_RGTR RANK 3 ae : 2.0(KB), 
BITS 36-57/PAR LPR. PAR LER | 26 G3) 2.0(KR). 2.6(KB) 
g.01KRD, 6x22/2 BAC O/1 WK SEL BITS 61 62.63 Seen, SAC 0.1 JWO-3 EN READ FCTIN, BAS | PAR CHK & GEN 
: BAS 0/1 MUX SEL 162,63, | ENBL WRITE FCTN, 16-BIT MODE RANK 3 BRARD ERROR fi 
KRC Ost KR O-3 PP-RGTR TO MAC BITS 56-63 BAS 2/3 MUX SEL BITS 61.62.63 Sorin’ (3) BAS © DATA QUT RGTR : seen ey 
2, OUR (8x8) -26.(53) (3S) 2.0CKR), 2.6(00) : tn e oe bee 
2.6(KR.JW) : 
2.1K) PP_RECONFIG BIT 63 2T ae HAL on = pps Lae com JWC 0.1 JR O-3 ADU wCOOE BITS 0-2 LDS & 0S aay 
JIC ON O-SRUR TOT BASC 0/1 MUX SEL BITS 62.63 Beta (23) \T__LDS_IN PROGRESS 2.0( Jn), 
e.0uN), () WAC STORE RGTRS ED 2.0 UN), meas pS_IN PROGRE 2.4 US). 
eee ADN WC ral BAS O-3 PPM WRITE RANK 3 FC UND 03 SEQ IN Seriay, 
: 0.1 PPM R Pe 
RGTR SEL 1,2. ENOL OSB ERROR. e BS ees ERG RE Soe LS PASS 2.6 JS.) 
ENGL R + A TO MEM, SEL PP RANK 3 b (6) 2.00"), 2.1(JK) (2) 
2.57) (5) eure ENDL MAC MUX 0/1. Cope KRC 0.1 KR O-3 A RGTR 
BASC 0.1 BAS O-3 INV R TO Y PAR, ENBL MAC MAX 2/3, RANK 3 BIT 63 
INV CM ADRS PAR bs eek cae mel 2.0(KR), mt 6) 
1820.58.11 J 2.0"), 2.6(KR) 
Bere). C42) 2.650) 
2.460) RED 13 Tr 6s 19 ct 
; 7 5 Q 
2.4 JS) NTO CPGR EAE a Ei : 2.6(KB) ee 
CI@ COAR_ERRCR aii t COR _ERRER 5 abn ape ADU READ, WRITE. CENTROL. 0465540 rs | 
2.8¢uS) mmmameedt A, R AGTRS “ : ee 


DATA QUT PE. ADRS/FCTN PE. 


JV ERROR . 
(3) 2.8( 5S) 
BASC 0.1 BAS 0-3 ADU EXCH REO. 4/5) 
SET D5 FULL 
4,5,.6.T 
BASC 0.1 BAS 0-3 268 ERROR 
45 
p 2,4 US). 
© 2.8 JS) 
, PASC Ont BAS O-5 EXCH BUST 
4. 
‘ 2.0CUN). 
© 2.6 UM) 
DATA QUT PE. ADRS/FCTN P.E, JE ERROR 
Uiet3 (3) 2.4( US) 
ADU WRITE DATA BITS 0-63/PAR O-T 
Sa! 2.20 JH) 
FCTN BITS O-3/PAR 
19 (41) 2.2¢ du) 
TAG BITS 0-2/PAR, TAG/FCTN PE 
13 Carr) 2.2¢ JG) 
- - BASC 0,1 BAS O-3 WRITE ENOL A 
GT (6) 
19 TAG QUT PE Sates 
NOTES: 


CE VELOPMENT 
sisinnacesacaata ie i tia ini ic ee se ilk nt ac arenes ict PRR OEETO IES, holds ath " 
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1. SIGNAL NAMES WITH THE PREFIX BAS 0-3, 
Jw 0-3, PPM 0-3, OR KR O-S HAYE ORIGINS OR 
DESTINATIONS IN THE NI@ (A AND 8 
PANELS). SIGNAL NAMES WITH THE PREFIX 
BASC 0.1, UMC OI. PPC O.t @R KRC 0,1 
HAVE QRIGINS OR DESTINATIONS IN THE CIO 
(C AND D PANELS). : 


2. FUNCTIONS ARE LISTED IN THE M2QUWLE 
BLOCKS IN @ROER OF THEIR APPEARANCE IN 
THE LEVEL 4 LOGIC DIAGRAMS. 

THE NUMBERS ON THE @UTSIOE 
EQGES @F THE MOOULE BLOCKS RELATE 
SIGNALS T@ LEVEL 4 SHEET NUMBERS, 


3. HEAVIER LINES INDICATE MAUR DATA OR 
ADRS PATHS. 


By vay 


we 
a 


CIO PROCESHR HALT 2.B( JA) 
2.80US) 
IRST STAGE Tl CLK Seen) 
Tl CLK PULSE SHAPING (2) 1 Mz CLK. T2 CLK. 
UK GEN & FIRST STAGE F/O (2) Tl CLK. TA CLK. TB CLK. 
A : Te Ux PULSE GEN (3) TC CLK, TBX CK 
/ (3) 4,5,7:8.9 
wo] ace TI Cx F/® PaRT I (4) O T@ NIO MOLES rs] x0 
FAST CLK, SLO" CLK 2.1( UK) : ! F/® PART IT (5) a 
Hewat EXT LAD-START_TEST r MAINTENANCE ACCESS CHAN 14 @ g | CLK FREGLENCT sev (6) Tee ae NID MAINTENANCE RGTR A 
ECTN L4 SEET |_WMZ CLK GEN B F/O (7) 2.20 JH) (4) ECTN L4 SET 
PHYSICAL ENVIRONMENT. | 14 FORCE CLK +TA CLK F/O (8) ECIN 
Pwr DISTR CHAN RECEIVER, TYPE CODE MAC FULL. MAC EWPTI re DRePOUT -TB CLK F/2 (B) 
RGTR. & CONTROL WORD RGTR (2) WaC INACTIVE, RI/WCH ERROR &+E1~4) +TC CuK F/O (9) 2.2¢ UG) ee Sf MAS k GROUP ERADRS BAS 1 (2) 
CLA LED CONTROL (3) 18.8 (4) 2.1 CJM) SIBx CuK F/O (9) WASK & GROUP ERRORS BAS 2 (3) UHR NTO. 
MC NETWORK (3) 32/64 NS HS CLK SHAPING (10) 2. 3(JE UY? MASK & GROUP ERRORS BAS 3 (3) \ ERROR_A 2.2 JJ) 
DEADSTART NC. CONTRAL RERD ENCODER (4) MAC DATA AT BO 56 OR 64 NS CLK RECEIVER (th) TAG QUT PE 3 ADU/ BAS MASK & GROUP 
780 FUL NCQDE ROMS (8) Dom 2.1 CM) TUNING CIRCUITRY TT ad Se ane CGA RE CRRDRS a BAS 0-3 PP ERROR RANK 4 
(2) 14.15 J ERROR DETECTOR (8) 15 780 CONECTED CLK OROPRIT DETECT (12) “1 mn CONVERSION ERROR DELAY (4) a (4) 2.0( Nm) 
DATA MUX BITS O-T & PAR (9) 2-010R) eR Eee Rik 5 : 
STROBES & TI CLK (10) ENAL RI BUS, INACTIVE ERROR RANK 2 READ TAG ERROR. EN (8) 
PP RECONFIG BITS 61-63 BIT-SERIAL CONTROL GH) RESPONSE» RDT 2.0( 9) (4x3) Sieh) NRETE TAG E s ; WAC PPM ADRS BITS 48-63/PAR 
- RESPONSE FSI BYTE 4 ar : 
G) 18 SERTAL/ PARALLEL SHIFTER 7 FSI BITE 5 (12) 6216/1) 2.0( KR) 
joe rte (3) 2.1¢ SK) LesT CLK ! ERROR REPORTING BYTES 6.7 (13) = a ef 
= 14 MODE 
2.1K) PERESENGTS BTUe ogiee a eae (13) ZBO/RI BITS 56-63/PAR Woe OK EL. [2 rT PP ERROR STOP CEN (15) ala aan 
(8) an es CreNaS whee Rees sts) a2 cD - 2.1CaK) NARROW CLK SEL FIRST STAGE Té CLK 2.8( JA) UNCORR ERROR GEN (15) Pe TEST MODE 9X___ a a yp) 
NAL F/ . 7 = 
LDS STATUS BIT. 780 EMPTY TO MAC, CONTROL 14) 2.5uT) @) on Oa EAR TEST WODE OCORS BAS 2.3 a7 jefORCE ERRER. COOK BITS 61-63 
HOLD FCTN @N CHAN 17, Z80 CONNECT TQ RI, NO2DE PAR CHECKER a5) MAC DATA AT AOS. AlO, All eee Sa 2,3 a virgen i ' ey 18_______3)—__-__--- 220s), 
780 NEXT FULL IS FCTN. 280 CONNECT CODE RGTR (15) —(3) 2.3( JU. uC) Se SUE Ge BOCs (4) BEAD ARIS et 2.3(JD) 
DISCENNECTS RI. ZO ACT, ZBO INACT RI DATA MUX (16) KB 0-3 ERROR. BAS 0-3 Bey not & Eat 2T TEST MOOE_ 4x ato di 
: 6) 9.16.15 780 & MCH CONTROL MUX (16) RECONFIG BITS 59.60. MAINFRAME 2) SECDED ERROR READ MUX BIT 4 (20) 
INY AND RESTNC CONTRO (17) LOAD. READ READ 2.3.1 (21) BAS 0-3 DSBL 
ZB0 RESP CONTROL C17) it 2.7) um? Ararat (21) SECDED IN PP MEM. 
CHAN 17 RI DATA BITS 52-55 CHAN 10 DATA INY (18) (4) (33) INY PPM PAR UT, 
RECONFIG AGTR DEADSTART MC 25 READ MUX BIT | INY T RGTR PAR« 
2.1 JM) at (4) cg ae 2.1 READ MIX BIT © ee INY PPM ADRS PAR AT CHAR 
+18? ls PPQ_AT RANK 4 eT] MAC INTERFACE (23) an 
TIMEOUT CNTR (4g) BITE STROBE ENA DECQOES (25) t 4x4 2,0(KB) 
CHAN IT AI DATA BITS 56-63/PAR ZBO & MCH INTERFACE (20) CHAN TIPE 0-3 CLK F/® & WRITE 
2.1 CSM) mmc (eI) a TOU CLR ERROR (3) 2.2! STROBE DECRDES (25) BAS 0-3 INY ROM PAR, 
CHAN IT PAR ERROR. CHAN IT FULL 2.3 UC), Sa PP WEM ADRS RGTR (26) INY A PAR, INY R PAR, 
CHAN 17 EMPTY. CHAN IT ACT. 2.8 JS) JE ERROR. ADRSVFCTN PE. SELECTED PP TO TIMED PULSE (27) INV PPM PAR IN, INY Q PAR, 
' : DATA BUT PE INY G PAR, INV P PAR 
CHAN 17 INACT. CHAN IT FCTN 4 17.18 
2. 10M) 6) Steal 2. JEWJY? 3) 2.0KR) 
CHAN 10 FLAG, CHAN 10 FULL. BAS 0-3 INY CM FCTN PAR, 
CHAN 10 ACTIVE. CHAN 10 BAS 0-3 858 ERROR os INY PP TO CHAN PAR, 
ERROR FLAG JEW? . INY CHAN T@ PP PAR, 
2. 3¢JE 
8 INY uC2OE DATA PAR, 
2.1¢0a) (3) INY INPUT CONVERSION 
2. . 17.18 (4x5) 
4x5 
BAS 2/3 SEL t2 2.1¢0N), 
2.500) 2.2( JJ. JHiJG)s 2. (C.J? 958_AORS PE ‘2 BAS 0-3 INY R TO 1 PAR, 
ELEMENT ID BLTS 48-63 2,3( 00. JU.JE. UVF), ae 
eens 13 2. 5(HV ORT) BAS O-3 CM DATA PE ; INY CM ADRS 
ee (i) Serre Reals 2.05) (4) 2.3 17,18 (4x2 ) 
‘T3X), 
ENBL RI 1-3. RI CONNECT. 2.848) ACG OME ERROR. DATA BUT PE. S$ 0-3 INY DATA IN PAR 
2.20) INY WRPRETE PAR 2 RI SEL CODE BITS 1.2. ACTIVE side AOT CuI ERROR. DATA IN PE TB. 
| TNY CHAN PAR, NY NANOCQOE PAR, T@ RI. INACTIVE TO AI. ROY 2.20M) (exe 144.13 w) 
INV RI PAR T@ RI. FICN 1 RI 
2.15.20 16.17 READ TAG 3-8. BAS O-3 INV TAG QUT PAR 
2.2) (3) aE (10) REVECT, UNCORR READ, UNCORR MRITE, 17,18 (3) 2. Rue. JV) 
a 38 3 RI DATA 56-63/PAR RESP COE PE, vO ERROR : mo 
PAUSE OI. 2/3. 4/5 : CD CD. 2. StH OR) 2.30) (11) S814 12_NI@ CORRECTED ERROR 2.380) 
tl 
2.3( WUC) G3) ie Sache 2. 3JF) LDS_IN PROGRESS 25 
2.10 UK), RECENFIG BITS 59.60. 
UNCERRECTED ERROR 14 2.3( IC) LOAD. READ 
2.20d) 
we 27.23 
2.2 JG. Ju) 
ae ENBL PP ACCE 4 2.3€ UC. JD. JE. UY) 
RI BITS 56-63/PAR MAL VATA 10 A 2.5¢5T) 
2.5(HRVUR) — 
(vi) 16 _AY SEL COOE BIT O IN ican 
WAC DATA TO C14+14,17,20.23 
RD. INACT, ERRR IN (5) 2.7 UX) 20 
Pe : RI_1/2/3 
2.5(HR/ UR) (3) ot ,OaTA 19 2. 5CHR/ JR) 
a 1t.14.t7.20.23 
WAC DATA FROM D2B.D2T i eek! . gi arG TaG_IN PE 13 
2.8(US.UT) 2 5 2.7¢x) CHAN ny Atl INSTALLED 
aoaiaR WAC DATA Te D27.DeB 2.3(0) (O/1s 213, 415. G/T 1s 12/13 
bf 14 ray 723, 24/25, ‘ 
2.5(HR/ IR) (2) 2.8US.uT) W/31, 32/33) 
2.3(UC) CORRECTED ERROR 14 MAC LOAD 2.5uT) _ 2.1L) © 19,202.22 
MAL DATA I2 Av 
2.50JT) nem DATA 4a iT om _ 
WAC DATA FROM DI1.14, 17.20.23 2.501 UR) DMA 22 
2. TIX) (5) Eee ns 
epg ADRS/FCTN QUT PE 14 
WAC DATA FROM CIt+14.17.20.23 1. SIGNAL NAMES WITH THE PREFIX BAS 0-3, TAG BITS 3-6 
2. TJX) (5) JW 0-3, PPM 0-3, OR KR O-3 HAYE QRIGINS eR 56) 6) T 
DESTINATIONS IN THE NID (A AND B ; 
PANELS). SIGNAL NAMES WITH THE PREFIX BAS 0.1 JC ERROR 
BASC 0.1, UIC Ole PPHC 0.1 BR KRC 0,1 HAVE BAS 2.3 JU ERROR : 
STINATIONS IN THE CI@ , 
(C AN) D PANELS). ee 4) 
2. FUNCTIONS ARE LISTED IN THE WOOULE 2.3 JC, vu? OW ADRS PAR _ERRGR 4 
BLOCKS IN THEIR AP 
ENBL ERROR STEP, 
THE LEVEL 4 LOGIC DIAGRAMS. EMBL TEST MOE 15,27 


THE NUMBERS ON THE QUTSIDE 
EDGES @F THE MZOULE BLOCKS RELATE 2.7) (2) 
SIGNALS T@ LEVEL 4 SHEET NUMBERS. 


3. HEAVIER LINES INDICATE MAJOR DATA @R ADORESS PATHS. 
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2.4¢0) 


2.205) 


2.400) 


2.4000) 


2.4(00) 


2.4(U0) 


2.20 5d) 


2.4000) 


2.4000) 


2.400) 


60463540 G 


RI SEL COOE BITS O INV 3 


INV RI WRITE DATA PAR. 
INY RI READ DATA PAR 


(2) 5.10 


ERROR IN TO Tou 
(EI 1-3). 
READT IN TB Tou 
«RDY IN 1-3). 
DISCONNECT IN 12 [dU 
(DEACTIVATE IN 1-3}. 
STATUS SUMMART 
(STATUS SUMMART 1-3), 


(x4) = 


MAINT CHAN DATA QUT BITS 0-7/8 
CREAD DATA QUT 1-3 BITS 0-7/8) 


EXCH ACCEPT 
CEXCH CONT 1-3 IN) 


3) 2-4 


RI DATA BITS 56-63/PAR 


ENBL AI 1-3, RI CONNECT, 
RI SEL COOE BITS 1.2, 
ACT T@ RI. INACT TO RI. 
ROT T@ RI. FCTN TO AL 


(19) 5-3 

CLR LED. INP MaDe 
(2) 19 
RI S&L COOE BITS O INV 3 


INV RI WRITE DATA PAR. 
INY RI READ DATA PAR 


@) 5.10 


ERRER IN TO [eu 
(EI 1-3), 
READT IN Td Igy 
¢ROY IN 1-3). 
DISCONNECT IN TO [Qu 
(DEACTIVATE IN 1-3). 
STATUS SUMMARY 
(STATUS SUMMARY 1-3), 


Cx) = 


MAINT CHAN DATA QUT BITS 0-7/8 
(READ DATA QUT 1-3 BITS 0-7/8) 


EXCH ACCEPT 
(EXCH CONT 1-3 IN} 


G) 2-4 


RI DATA BITS 56-63/PAR 


ENO. RI i-3. RI CONNECT, 
RI SEL COOE BITS 1.2, 
ACT T@ RI. INACT TO RI. 
ROY TQ RI. FCTN TO RI 


(10) 9 


CLR LED. INP MODE 


(2) Q 


FCTN 


RI | DATA IN 

RI 2 DATA IN 

RI 3 DATA IN 

RE | QUT 

RI 2 QuT 

RI 3 QUT 

Inf RE WX 

InP RI WX - CONT 
SIGNALS 

EXCH SYNC 

PAR CK B SYNC 

QuT RI PAR CK 


RI 1 RCVRS 

RI 2 RCYRS 

RI 3 RCVRS 

RI t XMTRS 

RI 2 XMTRS 

RI 3 XMIRS 

DATA INP MUX 

CONT SIGNAL INP MUX 
ROT IN RESYNC 

EXCH RESP RESYNC 
SumtaRt STATUS NET 
InP PaR CHECK 

QUT PAR CHECK 

Tl AND TxX CLK FNO 


Cu CLK REPEATER 


RDY, INACT, ERROR IN 
(3) 2.4( 00) 


EXCH RESP 
RI BLTS 56-63/PAR 


2.K U0, JE. Jv) 


2.4( 0) 


2.4(0) 


2.4000) 


8.3 ENBL TEST MO0E 


19 RI 12/3 
9 SS_SUMMART 


RDT QUT 1-3 
(READY QUT). 
FCTN t-3 
(FCTN), 
ACTIVATE QUT 1-3 
(ACTIVATE QUT), 
DEACTIVATE QUT 1-3 
(DISCONNECT QUT), 


= 


I@U DATA 1-3 SITS 0-7/8 
(MAINT CHAN DATA BITS 0-7/8) 


ROT. INACT. ERROR IN 
7 @) 
El EXCH RESP 
RI BITS 56-G3/ PAR 


Q RI_1/2/3 
9 SS_SUMMART 


RDY QUT 1-3 
{READY UT), 
FCTN 1-3 
(FCTN). 
ACTIVATE QUT 1-3 
(ACTIVATE QUT). 
DEACTIVATE QUT i-3 
(DISCRNNECT QUT), 


= (4) 
Igy DATA 1-3 BITS 0-1/8 
(MAINT CHAN DATA BITS 0-778) 


2.4¢J0) 
2.3 UF) 


2.4 US) 


2,4¢0) 


2.10 UK) 


2.10 JM) 


2.1L) 


2. 105M) 


2.10 UK) 


2.2( Ju) 


2.400) 


2.40) 


2.400) 


2,HK U0, JE, UY) 


a a | i rd 


2.4¢JUS)} 
2.4¢0) 


LOAD, READ 
@) 8.9 ENDL ERROR STOP 
snore 
R WIDE CLK SEL, NARROW CLK SEL 
TOU CLA ERRORS, MAC ERROR See irk Peo ELS oe 
(2) WAC DATA SEL 2) 
MASKS RGTR BYTE STROBES 
FALT STATS MASK RGTR 1S UNCPRR_NIO ERROR B 
CLA_LED orig uelge eee RGTR SEL 1.2. ENEL 9SB ERROR, 
cur Suing Ren a ENEL R + A TO MEM, SEL PP RANK 3 
ane. © 
LDS IN PROGRESS RANK SYNC 
BAS/PP SEL BAS 0-3 SEL 
DS CHAN NUNGER ul (4) 
eee 
| / 
CHAN TIPE CQ0E SELS NEB EC BITS 43-47 
we F/2 Lt (5) 
UNCOR ERROR 
CHAN WC CHAN O-T, 11-13, 20-27, 30-33 SAL 
14 3) 
DS MC 
DUMP WDE. ENBL UNCEND IDLE 
8.9 (2) 
ENBL_ UNCOND IDLE 
5 BAS 0-3 SEL PP STROGE RANK 4 
i 
PP RECONFIG BITS 59,60 w) 
@) BAS 0-3 DS RANK 4 
lie) (4) 
CHAN 15 PE 
8.9 8K MEM _ENBL 
CHAN n PE N 
(O-T, 11-13, 20-27,30-33) BAS 0-3 
eB SEL PP STROGE RANK 0 
19 (4) 
CHAN ITP uN BAS 2/3 SEL 
NO-T.11-13,20-27 50-33 WC 
PPQ AT RANK 4 1 @) 
BAS 0-3 IDLE RANK 
INY MAINT RGTR_§R PAR 10 G) 3 
PP RECONFIG BITS 59,60 
AC DATA [0 A ii (2) 
LOAD WAC OD ROM A 
WAC_LOAD 


NOTES: 


|. SIGNAL NAMES WITH THE PREFIX BAS 0-3, 
Jw 0-3, PPM 0-3. OR KR O-3 HAYE ORIGINS OR 
DESTINATIONS IN THE NI®@ (A AND B 
PANELS). SIGNAL NAMES WITH THE PREFIX 
BAS 0.1. JHC 0.1. PPMC O.! HAYE 
ORIGINS QR DESTINATIONS IN THE CIO (C 
AND D PANELS). 


2. FUNCTIONS ARE LISTED IN THE M@OULE 
BLOCKS IN ORDER OF THEIR APPEARANCE IN 
THE LEVEL 4 LOGIC DIAGRAMS. 

THE M20ULE BLOCKS RELATE 
SIGNALS TO LEVEL 4 SHEET NUMBERS. 


A\ 0F THE THREE GROUPS OF SIGNALS. 
GROUP | WILL BE CABLED TO CPU MACa 
GReuP 2 WILL BE CABLED TO A SECOND CPU MAC 
IF THE SYSTEM HAS TWO CPU'S. THE REMAINING 
Group IS UNUSED. 


ZA £23 CONTAINS UR IF ATATB-A OR ATSIO-A IS INSTALLED. 


A23 CONTAINS HR IF AT5O3-A IS INSTALLED. 


MAINTENANCE RGTR B, 
RADIA, INTERFACE 


2.4¢US) 


2.3 JE. JY). 
2.4¢U39) 


2.4¢0A) 


2.26 dN) 


2.3¢ JU, JC) 


OC UR. KR). 
x 


2. 
2.3(0U, UC) 


2.1C JK) 
2.1¢ JL) 
2.0C UN) 


2.06 UN) 


2.00 UN. KR) 
2.0¢KR) 
2.0(KR) 
2.4¢00) 
2.1 JL) 
2.0 JH) 
2. BJT) 
2.4¢0) 


2.8¢NS) 


2.80NT)? 


2.30) 
2. TUX} 


2. UM) 


2.8 US) 
2.8 US) 
2.87) 


2.8 UT) 
2.4¢0) 
2.HF > 


2.3) 
2.30) 


2.) 


Bes 


2.30) 


2.3¢J0) 


2.440) 


2.30) 


2.3(0F} 


2.807) 


2.QUT) 


2.3 JE) 


NOTES: 


BASC 0.1 IDLE RANK 0 
@ is 
PPMC 0.1 CHAN BUT DATA 
48-GIVPAR CRANK 2) 


Gx) 20 | 


BASC 0.1 DS FULL 


@) 4 


BASC 0.1 CHAN O-11 STATUS: 
FULL. ACT. ERROR. FLAG 


BASC 0,1 CHAN 15.17 STATUS: 
FULL. ACT, ERROR, FLAG 


Base O.t DNV Cw FCTN PAR. 
INV PP TO CHAN PAR. 
INY CHAN TO PP.PAR. 
Inv INP CONVERSION, 
INV pCODE DATA PAR 


(2x5) 18.30.16 J 
BASC 0.1 PP ERRBR RANK 4 
6 ze 
DuwP W20E. ENBL UNCYND IDLE 
(2) 8.15 
BaSC 0.1 SEL PP STROBE RANK 4 
@) a 
780 & CTED 24 
OS SEQ ACT t 
BASC 0.1 DATA RDT RANK 4 
24 i, 0/ 0 
BASC 0.1 PPM WRITE RANK 3 
(2) 
BAX 0.1 EXCH BUST 
(2) 14 
PPQ_AT RANK 4 9g 
CLR LED 18 
BaSC 0.1! MUX SEL 
- BITS 62.63 
(2) 24 
LDS IN PROGRESS 5 
BAS 0.1 OS RANK 4 " 
Bas 0.1 SEL 
(2) 4 
RESP 


1, FUNCTIBNS ARE LISTED IN THE MOOULE 
BLOCKS IN ORDER OF THEIR APPEARANCE IN 
THE LEVEL 4 LOGIC DIAGRAMS. 

THE MODULE QLOCKS RELATE SIGNALS 
TO LEVEL 4 SHEET NUMBERS. 


2. HEAVIER LINES INDICATE MAJOR DATA BR ADRS PATHS. 


60463540 C 


24.28 | 


| uv { Dea 
ECIN 


NEW FCTN.SEL RGTR 
I RGTR PAR CHECKS 


uQ2Q0E ADRS RANK 3 F/O RGIR 

I BARREL RANKS 3 & 4 RGTR 

OR t ROWS wCROE BITS 
57.8 

- BR 2 ROWS «CCE BITS 

59-T2 

BR SEL WX 

wQQ0E OCORS BITS O-11 

uCQ0E DCDRS BITS 12-19 

wOQ0E DCORS BITS 20-27 

wQQODE DCORS BITS 28-35 

wC2DE OCORS BITS 36-43 

wQ2QDE DCDRS BAITS 4447. 

yQ2Q0E 

OS 

wO2OE PAR CHEQER 

wCQOE OCORS BITS 76-83 

Ow FCTN BITS QUT PATH 

wCQOE PE RANK O 

BRARD ERROR 

PPw DATA BITS 498-55 & 
P RANKS 2.3.4.0 

PPM DATA BITS 56-63 


T2~-75 


wOQO0E BITS 85-87 

CHAN DATA RGTR BITS 48-50. PAR 
> CHAN DATA RGTR BITS 51-54 

CHAN DATA RGTR BITS 55-58 

CHAN DATA RGTR BITS 53-63 

T BARREL RANKS 0-2 

K BARREL RANKS 1-3 


InP Cony 
BR 1 ROMS wCOCE BITS 49-56 


37.29.21! 


(ale ee 


Jv 0.1 R UPR Ta T 


BAX | oo (2) 
Base 0 Jwc 0.1 FIRMWARE ERROR RANK f. 
ERROR RANK 1. CONVERSION ERROR RANK 2 
ig 
4 SHEET l (2x3) 
Jvc 0.1 ENGL WRITE FCTN 
ie | 7 (2) 
(2) 
(2) JMC 0.1 ADU pCODE BITS 0-2, ENSL READ FCTN 
He t 14.1T (2x4) 
(3) 
(4) > JRC 0.1 O4 FCTN BITS 60-63/PAR 
(5) }|_18 
(7) ~ BASC 0.1 CHAN O-11 DATA 48-63/PAR 
(Tt) _ be 
(8) BASC 0.1 CHAN 15.17 DATA 48-63/PAR 
(0) =n 
«tn UHC O.1 FLAG (aCQDE BIT 85) 
ile) {| 30 - () 
(13) 
ce JHC 0.1 PPM PRITE RANK 4. ADU TO Y RAM 4 
15) 0 
(15) ? 
(16) 
CH) 
(18) 
(18) 
(18) 
619) 
(20) 
(21) 
(22) 
(22) 3 JIC 0.1 sCO0E BITS ee. 
(23) r (23) 
(24) JWc 0.1 Y WAX SEL BITS 62.63 j 
toes PTs (Bez ) 6 
(25) : 
(26) J#C 0.1 1G-BIT MODE RANK 3 | 
He by (2) 5 
(27) j 
hes Jac 0.5 CHAN DATA 48-62/PAR 
) | 39222 
(23) (2x16/1) aes 
(29) Jvc 0.1 CHAN SEL 
a \ 2 (2) 4 
(30) 
(HK) JwC 0.1 ¥ TB 
(31) LYR RANK 3. 
(32) ‘ 
(33) 
(%) 
(3) 
(3%) 
(37) 
(38) 0.24.29. 37 
i 1 A ADDER C2OE BITS 59-63 (0-4) 
la 


2.0) 


2.8 3S) 
2.3 UF SV) 
2.3¢F UY) 
2.X SV) 
2.76 UX) 
2.10 5M) 
2.10 UM), 


2.76 UX) 
2x25 1 


2.10 MDs 
2.7K) 


2. FV) 


2.10 0K) 
PP RECOFIG BITS 61.62 
2,.0%u") (2) 
2. 3c? PP _RECENFTG BIT 63 
BASC Q.1 A _RGTR DATA 
BITS 48-63/REGEN PAR 
2.3¢ su? 2xies1 
2.320) PPO AT RANK 4 
BASC 0.1 ADU READ DATA BITS 
48-G3/ REGEN PAR 
2.3 0F) (2xi6/1) 


Basc 0.1 DS. SECDED IN PP MEK, 
Thy PP PAR QUT. IN¥ 1 RGTR PAR. 
INV PPM ADRS PAR AT CHECKER 


2.8 US) 


2.4.00) 


JWC 0.1 CHAN DATA 48-69/PAR 


Exp 


CI® EC BITS 43-47/PAR 


BaSC 0.1 SEL 


2.8NT) 


2. 


a 


SCF? DS 2 


BAS O.! INV Row PAR. INV A PAR. Inv R 


4.19. 


PAR. INV PPM PAR IN, Inv Q PAR. DNy G PAR. 


IXY P PAR 
2.8 US) (2x7) Lte12.1T.22.2 
BASC 0.1 OS RANK 4 
2.8UT) (2) 
BASC 0.1 SG PP STROGE RANK O 
2.6¢UT) (2) 
MAC PPM ADRS BITS 48-62/PAR 
2.8¢US) (16/1) 5229.59 
2.3( vu) ADU We 
; PPMC 0.1 A RGTR RANK 3 DATA 48-63/PAR 
© CED 
2.3 vu) BAST 0/1 DS! 
BASC Of 1 MUX SEL 
BITS 61.62.63 
2.%w) 


‘af, 


ERROR REPORTING 

Adu DLSASSY CONT 

Y MUX CONT ; 

Y MUX DATA 

Y MUX PAR 

PPM O BANK O ADRS BITS 
0-13 RGIR 

BANK O RAM DATA BITS 
48-63 PPM Ok 3 

BANK O SECDED BITS 
0-5 PPM O& 3 

PPM O BANK I ADRS BITS 
0-13 RGTR 

PP O ADRS PAR CHECKER 

BANK | RAM DATA BITS 
48-63 PPM I & 4 

BANK | SECDED BITS 
0-5 PPM t & 4 

PPw O BANK 2 ADRS BITS 
0-12 RGTR 

BANK 2 RAM DATA BITS 


3 RGTR 
PAR CHECKER & REGEN 
RANK 2 OUT 
RANK 4 RGTR 
RANK 3 QUT 
ASST/DISASSY MUX 
RANK 4 SUT 


g 


eee 
ZokE 
r 
aN ug 
g 
g 


a 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


SHIFTER 1 12 A MUX A BARREL 


ge 
g 


BITS 36-5T. PAR BITS 
RGTR/BYTE MUX BITS 0-3 
RGTR/BYTE MUX BITS 4-T 
Q PAR GEN 


BE 


aa 
oat 
ia 


z 
EE 
Bas* 


og 
aa 
K 
| 


: 
5 
é 


: 
4 
5 
6 
B 


(16.17) 


(18) 
(19) 
(19) 
(20) 


(21) 
(22) 
(22) 
(ez) 
(23) 


(5) 


(6) 
(6) 
(T) 
(8) 
(9) 
(9) 
C10) 
(10) 
Cll) 
Ci) 
(12) 
¢12) 
(13) 
(14.15) 


(16) 
(16) 
C17) 
aig) 
1.2 (18.139) 
(20) 
c2t> 
(22) 
(22) 
(23) 
(23) 
(24) 
(24) 
(25) 
(26) 
(27) 
(27) 
(28) 
(29) 
(3) 
C312 
(32) 
(33) 


PPMC 0.1 CHAN SQL O-T.10.1) 


KBC 0.1 ERROR 
BASC 0,1 SECDED ERROR 


\_ 3,2! (x2) 


~ PPMC 0-1 DATA RANK 4 BIT 48-63/PAR 


Gxi6i0) 


PPMC 0.1 A RGTR RANK 3 DATA 43-G3/PAR 


PPC O.! PE 


2) 


PPMC 0.1 INY PAR RANK 2 


2) 


KRC 0.1 PP RGTR T@ MAC BITS 56-63 


(8) 
©) 


KRC 0.1 <3 RANK 4, G=O RANK 4. A=! RANK 4, 
AcO RANK 4, A=O RANK 4, Q BLT 58 RANK 3 
| 3.4. 10.25 


KRC 0.1 A RGTR RANK 3 BITS 49-G5/PRR 


KRC 0.1 GQ DATA BITS 53-63 


a (25 ) 
KRC 0.1 P DATA BITS 48-G3/REGEN PAR 
a —(2x16/ 1) 
KRC 0.1 A RANK O BITS 48-63/PAR 
KRC 0.1 PPM ADRS BITS 48-G3/PAR 
pala (2xi6/1) 
KRC 0.1 R-RGTR RANK 3 
BITS 36-57/PAR LPR. PAR LER 
2 2x22/2 
KRC 0.1 A RGTR RAK 3 BITS 46.47 
= ( 22) 
KRC 0,1 ERROR 
3 (2) 


2.70 SK) 


2.10 M) 


2.8U5) 


2.Kuy) 


FRC 0.1 A RGTR RANK 3 
BIT 63 


2x53/3 


2.4) 


2.X%0) 


2.) 


2.) 


2.3¢5¥) 
2.30) 


wal a: 
rs 


NOTES: 


1. FUNCTI@NS ARE LISTED IN THE M2DULE 
BLOCKS IN @ROER OF THEIR APPEARANCE IN 
THE LEVEL 4 LOGIC DIAGRAMS. 

THE MODULE BLOCKS RELATE SIGNALS Td 
LEVEL 4 SHEET NUNGERS. 


@. HEAVIER LINES INDICATE MAJOR DATA OR ADRS PATHS. 


24,2.3.13. 
CHAN O-T- 10, 11 DATA AVATL. QUAN 0-7. 10.11 PORT A.B | jcis TH| 22/4.28,25.27 
SINC QUT. SYNC IN, Ti PAUSE. prac ee sem | MO 10 CE 
INP BFR FULL. ISI Busy, Ist 10X2x3 ‘ 1OX16/ 1 
JZ BOARD ERROR, 1/2 TIMEOUT, | [ces rm 


Tw CWPR ERROR. IST INP ERROR, 
CHAN O-7.10.11 
OVFL ERROR e.18.20, BS 1 MEM FCTN BITS 0-3/PAR | jor si Pry aA one 
4, ] 15/ LER 
cig mus COUN 5 2.2) Ce | — a 
CAN TTS ASESPOR a eee 2 
BITS 48-63 PAR (4) 2.8¢US) 
BASC | CHAN ee eer 
MAC DATA TB Cli ol4sIT 20.25 5-T.10.1t STATUS: SEL HOLD. CHO SEQ SINC GUT. BUS | DATA 
CIT FULL.ACT. ene FLAG INTERFACE CONT BITS O-63/PAR 0-7 
2.4¢,0) (5) 
JIC 1 yCOOE BIT 85 2 ] aaa 
ia : = eo oon wr 
Jmc | pCRDE 3 
4 ze (16/1) 2.660") 


8 IST clo CHAN 5 : 2.20 JH) 
T 
pe gs CHAN 0-7,10,11 FULL OUT, EMPTY QUT. 
ACT AND EMPTI. 


MODE SEL BITS 
YALID SYNC QUT FORMATION 


BuS REO 
CHAN 5-11 EVEN RESP PR gdh ee 4 ee 6 ane 2.20NG) 
it gee || MES T BITS 36-63/PAR 0-3 
2.2006) (5x2 ) 


2.6¢09) (3) yee 
PPMC 1 CHAN FULL FLAG. SET SEL HOLD. QUTSTANDING REQ CNTR a cig 10 : Pot) 8. Sora 
SEL 5-7.10.11 READ @P GEN. STROBE OP GEN, FORCE STNC QUT 25 pus 1 CI 
en G) L 2,O1 12.1314 Coxe ) 2.24,21,22.26 J || cee HN aia CAA 2.2006) 
BUS | RESP COOE CHAN O-T, 10,11 INTERLOCK, QUT. QUT DMA MOQE. ADR | [oo Sr —i? Bf = geet eee rd 
BITS 0-2/PAR PP MOE. FULL QUT ENDL, SEL HALD. CHD SEQ, FIRST STAGE SYNC QUT RESTNC (5) CHAN 0-4 EVEN RESP : 2.2¢ JH) 
ECHO MO0E. DSL ISI TIMEQUT, INH Tw INR, QUT BFR RRITE ADRS (5) CHAN 0-4 20D RESP Ce 
€2 TNH STNC OUT, INH QUTSTANDING REO CNTR. SINC QUT RESTNC STAGE 2 & 3 (6) 2 2e BUS 0 REO 2.206) 
BUS 1 RESP CODE PE, ENBL TOLE TEST. PORT B SEL, TEST MOOE. T NOT = 0 XMIT RGTR 2.2¢ 6) (5x2 ) PONE 6 8 eee eee ee 
2.2¢Jd) BuS | READ DATA PE 14,15,16,tT,22 Bus 0 ADRS 
0 eae : i CC | ee et 
CHAN 0-7.10.11 INY QUT BITE 0.1 PAR, QUT BFR PAR CHECKER (7) 25 (28/ 4) 2.2 su) 
INV TM PAR, FORCE ZERO A.B IN? PAR, DATA QUT BFR BIT 6 
ae JC_O yORDE BIT 85 2 FORCE ZERO INP BFR PAR 2.2 NG) 
J¥C 0 «CDE BITS 73-75 3 . (10x4) 4 P2RT A XMTRS Gao 11g 1 ae OATA gS 0 cr 2.2¢JG) 
/ ok * 
2.600) (3) CHAN 0-T.10.11 PP DATA PORT A RCVRS ASST/DISASST ADRS FRO (2) 
PP O CHAN SEL 0-4 : BITS 48-63/PAR 0.1 a , Si eee ie ener, 
[9 . } XMTR’ HAN (2) 
2.60KB) (5) CHAN 0-T.10.11 ISE Busy. ASST BFR ¥RITE/CHIP ENABLES (2) 
BUS 0 RESP COE PRT B RCYRS 12) DATA AYAILABLE T2 ADU DISASSY BFR WRITE/CHIP ENBL (2) 
BITS O-2/PAR CHAN FLAGS AND MICROCODE XLIR BASC O CHAN 0-4 4,24 ASSY BFR BITS 0-31/PAR 0-3 (3) 
26 INP DATA MUX BITS 48-53 STATUS: FULL, ACT,ERROR FLAG CONT SIGNAL INP MUX ASSY GFR BITS 32-63/PAR 4-T (4) 
InP DATA MUX BITS 54-59 3 2.6CuN) CHC BITS | AND 2 AND LAST #ORD (4) 

(a) BUS O RESP CODE PE. INP DATA MUX BITS 60-63/PAR TI CLK FNO SEL 0-15, 16-31 TO CM (5) i. 
2.20dJ BUS © READ DATA PE SEL 32-47,40-63 TO Cw 7 
@) 26 CHAN DATA RGTR 48-63/PAR PORT FNI INP MUX BITS 48-55 (14) Be 

CHAN O-7,10,11 GO T GTR 
WAC DATA TO DIL. 14, 17.20,23 DATA RGTR PAR CHK AND GEN eau PORT FNI INP MIX BITS 56-63 (15) 22 LTS O-31/PAR 0-3 (7) 
6) g | DATA INP BFR CHIP A (16) SENG} 
2. 4000) BAS DATA IN AND OUT 2.8(uS) DATA INP BFR CHIP B (17) ASST BFR BUT RGTR 
CHAN 0-710. 11 SEL DATA INP 8FR CHIP C 18) BITS 32-63/PAR 4-T (8) 
28 | CHAN DATA IN AND 9UT DATA INP BFR CHIP D (19) DISASSY BITS O-31/PAR 0-3 (9) 
cdl (9) 2.8¢ US) INP DATA FNE DISASSY BITS 32-63/PAR 4-T (10) 
a READ 28 T RGTR DATA IN AND QUT 
. MAC LOAD 28 PWR ON MC CHAN O-T.10.11 ERROR INP BFR PAR CHK DISASSY GR OUT RGTR 
2.50NT) FCTN RGTR 2. QUT) BAITS O-7/PAR LPR cu) 
2.4600) CA LED 24 PP INP DATA MUX (21) CHAN O-T.10.11 
-4 FCTN DECQOE PROMS A-D WAC DATA FROM C11.C14.CI7. SINC IN RESTNC END XFER DISASSY BFR BUT RGIR 
CHAN O-7.10.11 @ oe €20,€23, 011 .014,017,020.023 BITS 8-15/PAR L¥R (12) 
2.2006) (10) . FCTN DECQ0E PROMS E-H g PAUSE (22) 
NOO-O7+ 10.11 WC PROM PAR CHK INP BFR NORD CNIR (23) T RGTR BITS O-15/PAR BIT 
110, BUS 0 MEM FCTN SINC IN 2NE-S2T BYTE CNT 0-15 (13) 
2.8(NT) (10) : EMPTY QUT DECROE BITS O-3/PAR 
2.2¢5u) VALID SYNC IN FORMATION (24) T AGIR BITS 17-32/7PAR O 
: ADAPTER INTERLOCK/ QUT MODE RGTRS Ine BFR READ ADRS (24) RMA 36-51 (14) 
oS 4 CHAN O-T.10.11 T RGTR EXPTT. 
2.80NT) ADAPTER PP/DMA MODE RGTRS T RGTR BITS 33-44/PAR } ADU TIP. ADU VALID DATA. & = 0, 
STA ISI ONE SECOND TIMERUT RMA 52-63 JT BBARD ERROR. ADU DATA ERROR. 
OPERATIONAL STATUS NET BSR DLT RESP 
aa OMA INP DATA BFR (25) T AGTR CONT | 18:22.20027 Cox7) 
Ti CLK FNO (16) 
CHAN O-7.10.11 T RGTR EMPTY. QP GEN BYTE CNT = 2 OR O TEST (17) 
ADU TIP, ADU VALID DATA. FORCE ERR DCORS LOGIC ZERO SOURCE T RGTR PAR GEN (17) 
JT BOARD ERROR, ADU DATA ERRER. IDLE MODE DLT 
RESP CVPR NET T AGTR MUX BITS O-6/PAR BIT 
Croxs)!8+20:24.25.26 J FLAG MASK NETWORK 
BOARD ERRER (28) T RGTR MUX BITS 7-15 
T PRIME RGTR CHAN O-T.10.11 
T RGTR CNTR 9 MC FNS (28) CNTRS NOT BUST. 
REQ CNTR VALID DATA 


T RGTR ZERO TEST 
T RGTR PAR CHECKER 


T AGTR PARCEL CNIR 
ERROR STATUS NETWORK 
ERRBR STATUS NETWORK 
Cw RESP CODE XLTR 


Cw FCTN CODE 
MAC INTERFACE MIX 


MAC INTERFACE 


CHAN G2/CM REQ/CM RESP 
CNTR CONT 
LOGIC ZERO FNO (23) 
DATA PAR CHK 
CM ADRS T@ CWI (25) 
RMA PAR PREDICTION (26) 
ERROR FNI 


4 6 MHz CLK GEN (28) 
ST ee CF ETE OTS 
eka ale ay 
24 


CHAN O-T.10.41 T RGTR DATA 
BITS 48-63/PAR 


CHAN O-T.10.F1 CUR ADU, INP. START DMA, 
OMA MODE ADU, FORCE BC = 0. FORCE ADRS PAR 
PRED ERROR. INY OUT PAR LER, LOR, 

FORCE T PAR LOW. FORCE INP PAR O.1,LOR, 

READ Tt, READ T2. WRITE TO, ¥RITE Tl. WRITE Te, CI 


CI CHANELS 0-4 (BS 0) 
CI CHANNELS 5-7.10,11 (BS 1) 


60463540 F 


2.40) 


2. F) 
2. (JK) 


2.057) 
2. Tux) 


2.30) 


2.40) 


60463540 c 


LAAD, READ 
ID ERROR 4 
CUR_LED 2 
DS TN PROGR 4 
DEADSTART 


ENDL OND IDLE 8,9 
PP RECONFIG BITS 59,60 


(2) { 
CHAN ns PAR ERROR (0-7.10,11) 
PPO _AT RANK 4 i 
~ # vA OY Det 
He 34 


CIB MAINTENANCE RGTA B 


MAC INTERFACE 

Mac eee hee ENELS 
MASKS RGTR BITE STROBES 
FAULT STATUS MASK RGIR 


FAULT STATUS 2 RGTR BITS 3e~47 
FAULT STATUS 2 RGTR BITS 48-63 


CHAN TYPE CQOE SELS 


2.1K) 


2.RUT) 


FIRST STAGE Ti CLK. 
FIRST STAGE T2 CLK 


2.4¢ UA) 


CI RGTR SEL 1.2. 
CI@ ENBL @S8 ERROR. 
CIO ENOL R + A TO WEN, 
CIO SEL PP RANK 3 


lt (5) 
Base 0.1 SEL 
(2) 
CIO EC BITS 43-4T/PaR 
Cs) 
CHAN O-T.10.11 SEL 
(1i0.)— 
: CO.C1 DUMP MODE ENBL UNC2ND IDLE 
(a2) 
BASC 0.4 SG PP STROBE RANK 4 
(2) 
BASC 0.1 DS RANK 4 
(2) 
BASC 0.1 SG. PP STROBE RANK O 
(2) 
NO-T, 10.11 MC 
(19) 
BAS 0.1 IDLE RANK Q 
@) 


INCORRECTED CIA ERROR B 


CI@ CNEL ERROR STP. ENB TEST MODE 


2.3 JU. UC) 
2.x Ju). 
2.60 UR. KR? 
2.6(KR) 


2.TCSX) 


2.6608) 


2.6058. KR) 


2.6KR) 


2.7 UX) 


2. um) 
2.20d) 
2.400) 


2.7 5X) 


TI CUK PULSE SHAPING 
CLK GEN A a es F/2 


Tl CLK F/® PART I 
Tl CK F/® PART IL 
CLK FREQUENCY Se. 
| Wz CLK GEN & F/B 


32/64 ns CLK SHAPING 
56 OR 64 ms CLK RECEIVER 
CULTR 


CLK DROPQUT DETECT 


iMHz CLK. TE CLK. Tt CLK. 


: TA CLK. TB QK. TC CLK. TBX CLK 


2.6608} 


2.6¢KR?} 


2.6(KB) 
2.10 UK) 
2.30) 


2. TUX) 


2.3¢N¥) 


2.K0v) 
2.35C, JU) 


2. SF) 
2,2¢ dd) 


2.3 UD) 


2.0 UF? 
2.50NT) 


2. 5( JU? 
2.400Q) 
2.40 G2 


2. TUX) 


2.3200) 


2.34 UU) 


2.2 UC. WU) 


Jw 0.1 FIRMWARE ERRQR RANK I, 


ERROR RANK |. 
CONVERSION ERROR RANK 2 
(x3) 4 
KRC 0,1 ERROR 
(2) 2 
KEC 0.1 ERROR, BASC 0.1 
SECDED ERROR 
DEADSTART MC 5 
PRO AT RANK 4 T 
CHAN TIPE 0-3 
© (5.27 
UY ERROR. ADRS/FCTN PE. 
DATA BUT PE 
BASC 0.1 258 ERROR 
@SB_ADRS PI 12 
BASC O.1 CM DATA PE : 
DATA IN PE 4 
READ TAG 3-8, RELECT. 
UNCORR READ. UNCORR ¥R. 
RESP COE PE, UD ERROR 
(i) 6.4.11 
LDS_IN PROGRESS 5 
MAC LOAD 
TOU CLR ERROR 25 
LED 23 
VAL VATA 1 Dei 


GAN ff. atl DYSTALLED 
(Wt. 2/3. 4.5, G/T. 10, U1) 
(7) 19,20.21.22 


TAG BITS 3-8 7 
BASC 0.1! JU ERROR 


(2) 


Cu ADRS PAR ERROR 4 


TO CIQ W20ULES 


CID MAINTENANCE ROTR A er > 2.400) 
Fel cry CIO PROCESSOR HALT 
MASK & GROUP ERRORS BAS O wa) 2.4040) 
MASC h GROLP ERRORS BAS | @) 
MAS R GROUP ERRORS = ' 
WASK 8 GROLP ERRORS BAS 3 (3) 2 PAR CIO ERROR 2.20 Jy) 
ADLW/BAS MASK & GROW ERRZRS eh 
CONVERSION ERROR DELAT a |i. BASC 0.1 PP ERROR RANK 4 
READ TAG ERROR GEN (6) (2) 2.6008) 
WR TAG ERROA GEN 
FSI BITE 4 cH) Ra aarti 
FSI BITE 5 (12) nae 
ERROR REPERTING BITES 6.7 (13) Cet) pn 2, 60K) 
FSI BYTES 6-7 
rte ie ce US} | pice ose step mae we 
een eee on HEL TNY PPM ADRS PAR AT CHECKER 
TEST MODE OCDRS BAS 2.3 CT) Laa8 
TEST WDE DCDRS BAS 0.1 (18) ( ex4 ) 2.6(KB) 
READ MUX BIT T S 
wis aS 1B | GA! Be AMER IAT 
READ MUX BLT 5 (20) Ev oni Gwin Bia 
READ MUX BIT 4 (20) Liz 4g 
READ Mx BIT 3 (2h) (exT ) 2.6CKR) 
EAD WUX BIT ; mane ane 
ae eg tae (22) | Dw pp TO CHL Pate INV CHAN TO PP PAR. 
DE IMEI (22) | _DNY INPUT CONVERSION. INY uC20E DATA PAR 
BITE STROBE ENGL DECODES (25) fTt8 (ex5) 2.600") 
CUx F/B WR STROGE DECODES (252 
i lac ib : RT 
SELECTED PP T@ TIMED PULSE (27) Oe mn 
Li18 (2x2) 2.3) 
BASC 0,1 INY DATA IN PAR 
L118 (2) 2.30) 
BASC 0.1 INY TAG QUT PAR 
Lf-t8 (2) 2.30¥) 
Q CORRECTED ERROR ars 


NOTES: 


1, FUNCTIDNS ARE LISTED IN THE MOOULE BLOCKS IN QRDER 2F 
THEIR APPEARANCE IN THE LEYEL 4 LOGIC DIAGRAMS. 
THE MODULE BLOCKS RELATE SIGNALS 18 LEVEL 4 SHEET NUMBERS. 


2. HEAVIER LINES INDICATE MAUR DATA OR ADRS PATHS. 


To present the information in this chapter in a structured format, this page has been left blank. 


60463540 C : 3A-1 


Z80 CPU, ADDRESS DECODER, EPROMS, RAM, CALENDAR CLOCK (JK) (TPM 3.0) 


Z80 CPU AND BUS DRIVERS 


The Z80 CPU controls all the data flow from a CC634 Display Terminal or CC598 System Console 
to channel 15, and from the MAC to channel 10, to a CC634 terminal, or to a CC598 console. 
The Z80 also controls the PP reconfiguration bits (TPM 3.5B), which gate the proper outputs 
of the PP and Deadstart Number Counters (TPM 3.7A) to the Q Register of the PPs. The Z80 is 
controlled by microcode that is stored in the EPROMs. 


The Diagnostic Interrupt going to the Z80 is a troubleshooting input signal that tests the 
data paths between the 280 and the CC634 terminals, CC598 consoles, or display controller. 
When the Enable Diagnostic switch is set to enable the Diagnostic Interrupt, an interrupt 
occurs every 4096 microseconds that causes the Z80 to start executing diagnostic code at a 
particular EPROM address. This code causes characters received from the display controller, 
one of the terminals, or one of the consoles, to be echoed back. This allows a check that 
all data bits are being gated through properly. If the port option switches are set so 
neither port 0 nor port 1 is selected, the echoed data goes to the display controller. 


The Interrupt input signal interrupts the Z80 for port O or port 1 communications. 
Conditions that cause this interrupt are: Data ready in the UART, a ring from a modem, or a 
change in the carrier (either a drop or rise). A data-ready condition in deadstart mode 
causes the Z80 to read the byte stored in the UART and assemble it into a character string. 
A data-ready condition in TPM mode causes the Z80 to read the byte and place it in the soft 
FIFO buffer in RAM for subsequent transfer to channel 15. 


RESET CONTROL 


The Deadstart switch on the display controller or a power-up starts the Z80 executing from 
address 0. This initializes the TPM. 


POWER STATUS SIGNALS 
There are two power status signals. One is the +5 Volt Power Good signal and the other is 


the System Power Good signal (TPM 3.1D). In order for the Z80 to process data transfers, 
both of these signals have to be present. 
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The +5 Volt Power Good signal guards against a case where erroneous data may be transferred 
because of unstable +5-volt power. If the +5-volt power starts to vary, the +5 Volt Power 
Good signal drops, causing Bus Request to go to the Z80. With Bus Request present, the Z80 
outputs Bus Acknowledge after it finishes executing the current instruction. This resets a 
flip-flop that provides the Address Decoder with the RAM/Calendar Clock Enable. Without 
this enable, the Calendar Clock and RAM go into standby mode (Calendar Clock keeps 
incrementing as long as battery power is present) and the Switch Drivers are disabled. 


If +5-volt power becomes stable again, the +5 Volt Power Good signal causes operations to 
return to normal. 


MEMORY REQUEST AND 1/0 REQUEST SIGNALS 


The Memory Request output signal from the 280 is always present when the Z80 is accessing 
EPROMs or RAM. 1/0 Request is always present when the Z80 is accessing one of the ports, 
one of the UARTs, the Switch Drivers, or the Calendar Clock. 


ADDRESS DECODER 


The Address Decoder generates the chip selects for the EPROMs, RAM, Calendar Clock, Switch 
Drivers, and UARTs. 


EPROMS AND RAM 


The EPROMs contain the display driver code and deadstart programs. The RAM contains the 
soft FIFO buffers. The RAM also contains various flags that carry information such as which 
terminals are active, whether a password is required, and which display happens to be on the 
system console at that particular time. The RAM also contains deadstart user programs 0 


through 3 and the screen deadstart program. 
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DEVELOPMENT 


INPUT/OUTPUT PORTS (JK) (TPM 3.1) 


BATTERY CIRCUIT 


The Battery Circuit monitors the voltage level of the lithium battery that is mounted on the 
Z80 card. If the battery voltage drops below +2.5 volts, the Battery Failed Flip-Flop 

sets. The Z80 (TPM 3.0A) then outputs a message to the display controller, CC634 terminal, 
or CC598 console indicating that the battery has started to fail. At this point, no damage 
has occurred to data in the Calendar Clock or RAM (TPM 3.0) because +2.2 volts will 

suffice. However, once the battery begins failing, it fails very rapidly. 


DATA INPUT PORT 


All incoming data to the Z80 comes through the Data Input Port. The Port 0 and Port 1 FIFO 
data inputs are from the least significant half of channel 15 via the Channel 15 Input Port 
FIFO Buffers (TPM 3.2C). Muxed Data Bits 56 through 63 contain display controller data, 
MAC data, or channel 15 function codes. 


The Input Port Empty signal from the Data Input Port is always active except after the Z80 
has read a byte. Immediately after Z80 reads a byte, Input Port Empty goes inactive for a 
pulse and then goes active again. 


STATUS INPUT PORT 


The Z80 reads this port to obtain status information during data transfers with channel 15, 
during deadstarts, and during slow functions (channel 15 functions translated by the Z80 
microcode). The major inputs to this port are described in the following paragraphs. 


The Ports O and 1 FIFO Data Ready signals indicate whether a data byte from channel 15 has 
advanced to the top of the Channel 15 Input Port FIFO Buffers (TPM 3.2C). If so, the Z80 
reads the data byte and sends it out the selected port. 


Ports 0 and 1 Holding Register Full signals indicate whether channel 15 has taken the 
previous byte that the Z80 stored in the Holding Register (TPM 3.3C). If not, the Z80 
leaves this byte in the Holding Register and starts storing subsequent bytes from the 
connected terminal into the RAM soft buffer FIFO (TPM 3.0). Five bytes may come in, one in 
the Holding Register and four in the soft FIFO buffer before the bytes start to be 
overwritten and an overrun status bit is set. 


Select Port 1 informs the 280 whether the 7000g or 700lg function was issued from 
channel 15. The Z80 uses this to determine which port is affected by subsequent functions, 
such as setting two-port mux mode or clearing output and input buffers. 


t The Carrier On signal does drop momentarily when the RESET switch is pressed. 
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The Long Deadstart Branch Test Failed bit indicates whether the first part of the long 
deadstart code (test of the 300 instruction) has executed properly. In the case of a long 


deadstart branch test failure, the Z80 outputs a message for the screen and does not execute 
a short deadstart. 


Long Deadstart End informs the Z80 that the branch test part of the long deadstart code is 


complete and other conditions can be checked to determine if the Z80 should start executing 
a short deadstart. 


Ready Response and Inactive Response are not currently used. 


Function Code Bits 56 through 58 and 63 are channel 15 control signals that are used when 
the 280 is processing a slow function or sending or receiving words from channel 15. 
Function Code Bit 56 (Mux Condition Busy) sets whenever the Z80 is processing a slow 
function. It remains set during the data transfer. If a data transfer is not involved, Mux 
Condition Busy remains set while the slow function is being decoded and executed by the 280. 


PORTS 0,1 UARTS 


The functions of the UARTs are to assemble the serial asynchronous bit stream into a 
parallel data byte that can be gated onto the data bus and read by the Z80, and to 


disassemble the data byte from the data bus into serial bi 
CC634 terminal or CC598 console. serial asynchronous bits and send them to a 


The UARTs use standard RS-232-C control signals. The Data Terminal Ready, Request To Send 
Carrier Ont, and Clear To Send signals are always on when a terminal or console is directly 
connected to a port; the Ring Indicator Signal is not on. However, if port communications 
for a CC634 terminal are through a modem, the RS232 signals are only on when applicable. In 
this case, when a port is called, the Z80 detects a ring via the Ring Indicator signal. If 
a PP does not answer by setting the Data Terminal Ready signal, the Z80 sets the Data 
Terminal Ready and Request To Send signals. ; 


After the call has been answered, the modem sets Clear To Send, Carrier On, and Data Set 
Ready. Carrier On indicates that the modem on the other end is connected and transmitting a 
carrier frequency, thus establishing a good connection. The Z80 waits up to 21 seconds for 
all three of these signals to be present. If all are not present, the Z80 clears Data 
Terminal Ready and Request To Send. 


FUNCTION AND DATA OUTPUT PORTS 


The Function Port gates the function codes that control the TPM and allows the Z80 to send 
inactive responses (empties and fulls) to channel 15 on slow functions and data transfers. 
The Data Output Port sends data to the display controller, the MAC, or to channel 15 through 
one of the Holding Registers (TPM 3.3C). 
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DEVELOPMENT 


CHANNEL 15 INTERFACE (JK) (TPM 3.2) 


RI BUS DRIVER 


All data going from the Z80 to the MAC passes through the RI (Radial Interface) Bus Driver. 
The Z80 executes reads and writes to the MAC according to the following sequence. 


NOTE 
The Hold Function On Channel 17 signal (TPM 
3.5B) must be set before the following 


sequence can occur. When the TPM is in 
deadstart mode, this signal is held set. 


1. The Z80 issues the deselect CC545 data path function to enable connection to the MAC 
data path. ; 


2. The Z80 Function Decoder sends the 280 Connect signal to the MAC. This selects the MAC 
data path; the MAC returns the signal Select RI to Z80 (TPM 3.2B). 


3. The Z80 (TPM 3.0A) sends connect code 0 on the data bus to the MAC through the Data 
Output Port (TPM 3.1H) and RI Bus Driver. This connects the MAC. 


4, The Z80 Function Decoder sends the Z80 Inactive signal to the MAC. 
5. The Z80 Function Decoder sends the Z80 Next Full Is A Function signal to the MAC. 


6. The Z80 sends the read or write function code on the data bus to the MAC through the 
Data Output Port and RI Bus Driver. 


7. The Z80 Function Decoder sends the Z80 Active signal to the MAC to activate the data 
path. 


8. The Z80 sends the first control word on the data bus to the MAC through the Data Output 
Port and RI Bus Driver. The first control word is ignored. 


9. The Z80 sends the second control word through the same path. The second control word 
identifies which data source the MAC is to access. For example, this may be the 


register number of a maintenance register, channel status, or a PPM. 


10. The Z80 Function Decoder sends Z80 Inactive to the MAC. 
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11, The Z80 Function Decoder sends Z80 Active to the MAC. This informs the MAC that the 


Z80 is now waiting for the MAC to perfo 
rm eith = 
the Z80 issued. P er a read or write - whichever function 


12. hay ee is a read, the MAC begins placing bytes onto the Z80/RI data bus. The 
te pe agai bytes through the Display Controller/Radial and Channel 15 Interfaces 
e Data Input Port (TPM 3.1E). If the Operation is a write, the Z80 sends 
data to the MAC through the Data Output Port and RI Bus Driver. 


13. After the data transfer is com 


lete, the Z8 
signal to the MAC, p ’ 0 Function Decoder sends the Z80 Inactive 


14, The Z80 Function Decoder sends the Z80 Disconnect signal to the MAC. 


15. The MAC drops the Select RI to Z80 signal that goes to the Display Controller/Radial 


and Channel 15 Interfaces This enables displ 
‘ 4 ay controll d 
multiplexer in that network. piay er data through the 


DISPLAY CONTROLLER/RADIAL AND CHANNEL 15 INTERFACES 
EP ANT ERPACES 


This network controls which of the followi 
bus ° 


ng four data paths is selected for the 280 data 
e Bits 48 through 55 from channel 15 


e Bits 56 through 63 from channel 15 


e MAC data (JQ) 


e Display controller data (CQ) 


CHANNEL 15 INPUT PORT FIFO BUFFERS 


These buffers hold data bytes coming from channel 15 until the Z80 is ready for them. The 
280 is much slower than channel 15 and takes at least 1.6 microseconds to execute aa 
instruction. The FIFO buffers allow the transfer rate to become one megabit per second for 
up to 64 8-bit bytes. The Port 0 or 1 FIFO Full signal indicates at least one byte is 


available for the 280. The 07XXg function clears the FIFO buffers of all data. 
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Z80 DATA OUT REGISTERS, NON-RS232 AND PORT O DATA MUX (JK) (TPM 3.3) 


HOLDING REGISTER STROBE CONTROL HOLDING REGISTERS 

Holding register strobe control is needed because the Z80 has only an 8-bit data bus and If data is not from port 0 or port 1, it goes into the Non-RS232 Data Holding Register. 

10 bits of data go to channel 15 from the Holding Register for either port 0 or port l. Types of non-RS232 data are calendar clock data, predeadstart copies of the P, K, Q, and A 
This circuit assembles 8-bit bytes into 10-bit strings. First, a Function Pulse enables registers and predeadstart copies of channel status. In this case, a Function Pulse 

writing one of the Holding Registers. This clears the Second Parcel FF, which enables data accompanies every byte of data and keeps the Second Parcel FF clear. This allows data to be 
bits 54 and 55 to be latched. These bits are the overrun and parity error status bits. constantly gated into the Non-RS232 Data Holding Register. 

Next, a Full Pulse sets the Second Parcel FF, which gates the next data byte into bits 

56 through 63 of the selected Holding Register. The Empty Port O and Empty Port 1 signals are controlled by channel 15. After a 10-bit 


string has been transferred, the appropriate empty signal clears the holding register full 
status to allow the Z80 to write another byte into that Holding Register. 
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This multiplexer gates data to the Channel 15 Bus Driver from the Port 0 Holding Register, 
Port 1 Holding Register, and the Non-RS232 Data Holding Register. In addition, the 
multiplexer also gates the information for the status function (00XXg) to the Channel 15 
Bus Driver. Port data consists of eight data bits (56 through 63)and four status bits 

(52 through 55). Non-RS232 data consists of eight data bits (56 through 63) and four zero 
bits (52 through 55). Status function information consists of five status bits 

(59 through 63) and seven zero bits (52 through 58). 


TPM Select Bits 0 through 2 determine which set of data is gated through the TPM/Status/Data 
Mux. If the Z80 issues a non-RS232 data function, data from the Z80 Data Out Port 

(TPM 3.1H) enters the Non-RS232 Data Holding Register (TPM 3.3C) and sets a FF 

(Select Non-RS232 Register) that gates that data from the Non-RS232 Data Holding Register 
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TPM/STATUS/DATA MUX (JK) (TPM 3.4) 


the TPM/Status/Data Mux. If Select Non-RS232 Register is not present, there are 
ae aes nae ee 3.3B) which determine the selection. These are the OOXX aera 
O1XX Function, and Select Port 0. If the 01XXg function is issued and port 0 is selected, 
data from the Port 0 Holding Register (TPM 3.3C) goes to channel 15. If port O is not 
selected, data from port 1 goes to channel 15. The Z80 issues ee the 
Function Output Port (TPM 3.1H) only to gate data to the Port O or Port 5 i a ee 
Registers. After data gets to the Holding Registers, the presence of the Select Por 
O1XX Function gates data through the multiplexer to the Channel 15 Bus Driver. 
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Z80 FUNCTION DECODER (JK) (TPM 3.5) 


780 FUNCTION CONVERTER AND TTL DECODER 
This circuit handles functions on the transitor-transitor logic (TTL) side of the Z80. 


Set System Initialized indicates that the Z80 has detected that +5-V power is good and has 
started the initialization routine. This signal remains set until +5-V power is turned off. 


Clear Battery Failed clears the Battery Failed FF (TMP 3.1A). 

Shift Out Port 0 and Shift Out Port 1 control the operation of the Channel 15 Input Port 
FIFO Buffers (TMP 3.2C). These signals generate the output clock that gates a data word out 
of the FIFO buffer onto the Z80 data bus. 

Second Function Word is used only with the reconfiguration function. This signal alerts the 
780 to the presence of the reconfiguration byte, which is the second function word. The 


first function word indicates that a write to the PP Reconfiguration Register is to occur. 
The second function word is the byte that is written into that register. 


Z80 FUNCTION DECODER 
This decoder generates interface signals for channels 10, 15, and 17. 


780 Next Full Is A Function is issued by the Z80 before it sends out a function code to the 
MAC. through the RI Bus Driver (TMP 3.2A). 


Load Holding Register enables loading a Holding Register (TPM 3.3A). 
Z80 Connect establishes the data path between the MAC and the Z80. 


Hold Function On Channel 17 disables any PP from issuing any function on channel 17 while 
the Z80 has control of it. 


Hold Function On Channel 10 disables any function on channel 10 while the Z80 has control. 
Deadstart Sequence In Progress indicates when the short deadstart is active. This signal 


generates the deadstart master clear. It is active while the 20g words are transferred 
from the Z80 to PP O to execute the short deadstart program. 
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Long Deadstart In Progress enables the execution of the long deadstart program. 


Long Deadstart Status Bit is set when a long deadstart is performed, and remains set until 
the next deadstart. 


Z80 Disconnect disables the data path from the Z80 to the MAC. 
Z80 Active and Z80 Inactive are control signals that control the MAC. 
Enable Unconditional Idle allows the Z80 to unconditionally idle any of the PPs. 


Z80 Reply Full, Z80 Reply Empty, and Z80 Reply Inactive control data transfers with 
channel 15. Z80 Reply Inactive is also used to respond to a slow channel 15 function. 


Z80 Medium Character Select selects the medium size character set of the display 
controller. If this signal is absent, small characters are selected. 


Z80 Select CC545 selects the Z80 data path to the display controller... This signal blocks 
channel 10 data from going to the display controller. 


Keyboard Select allows the Z80 to read keyboard buffer data from the display controller. 
This signal generates a strobe on the display controller that gates data from the keyboard 
buffer into a register that is read by the Z80. The Z80 determines whether a key was 
pressed by checking the data itself. If no key is pressed, the least significant seven bits 
of the ASCII data are zero. If nonzero, the Z80 knows that a key was pressed and the Z80 
brings the data byte into the RAM (TPM 3.0) and begins assembling a word until a carriage 
return appears. The Z80 then decodes the character string that has come in from the display 
controller. 


PP Reconfiguration Bits 59 through 63 determine which BAS is BAS O and which PP is PP 0. 
Bits 59 and 60 identify BAS 0; bits 61 through 63 identify PP 0. If bits 61 through 63 are 
zero, physical PP 0 is logical PP 0; or if they decode to one, then physical PP 1 is logical 
PP 0, and so forth. PP Reconfiguration Bits 59 and 60 also generate the selects for the 
Deadstart Number Counters (TPM 3.7A). 


3A-12 


280 FUNCTION CONVERTER 
AND TTt. DECRDER (19) 


BITS 59-63 
FCTN DATA 
BITS 56-63 FCTN RGTR 
ia @) BITS 57 ae 
BITS 57.58 
om FCTN PULSE @ 
SET STS 
INITIALIZED ‘6 
CLR_BATIERY FAILED i 
SHIFT BUT PORT O 
2c 
SHIFT BUT PORT 1 
2ND FCTN WORD 
‘a FCTN PULSE-TTL 
i INPUT PORT _EMPTY 


60463540 C 


Z8O NEXT FULL 

IS A FCTIN JQ 

____ AAD HLDG RGR ay 
ZB0 CENNECT 


JQ 
HOLD FCINON CHAN IT 5 
RESET 
Ce) HOLD FCTN @N CHAN 10 CO 
FCTN PULSE 
OID DS SEQ IN PROGRESS JF, 
BA 
LDS STATUS BIT 
780 DISCONNECT JQ 
780 ACT 
780 _INACT 
ENBL UNC@ND IDLE ST 
780 REPLIES 
FULL, EMPTY, INACT 
(3) 6B 
780 INACT SC.6A 
ZBO_ VED CHAR SE CO 
780 _SEL_CC545 ce, 
2B 
2ND_FCTN_weRD 
KEYBOARD SEL co 
BITS 59.60 
FCTN DATA (2) 
5 BITS 59-63 BITS 61-63 


TPM FUNCTION DECODER AND INTERFACE CONTROL (JK) (TPM 3.6) ; 


TPM FUNCTION DECODER 


This circuit decodes fast and slow function codes from channel 15. Fast functions are shown 
in the upper right side. The 7XXXg function is not shown as a separate line but is also 
decoded. The 7XXlg or 7XX0g function generates the Connected and Select Port 1 or 0 

signal. These signals are needed to accomplish the signal interchange (handshaking) for any 
functions that follow. The Z80 is unable to send inactives, actives, or fulls without the 
Connected signal. 


If a function code from channel 15 is not decoded as a fast function, it is considered to be 
a slow function requiring decoding by the Z80. In this case, the TPM Function Decoder 
generates the Mux Condition Function Code signal, which the Z80 reads through the Status 
Input Port (TPM 3.1F). This alerts the Z80 to the presence of a slow function. When the 
Z80 detects this bit set, it reads the function code on the 12-bit channel 15 data bus. 
First, the Z80 reads the upper four bits. Then, it reads the least significant eight bits 
and decodes that function and executes the appropriate microcode routine for the slow 
function. 


The TPM Function Decoder also monitors some channel 15 interface conditions that occur while 


processing slow functions. These include Channel 15 Active Status, Channel 15 Full, and 
Channel 15 Empty and Busy. 
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TPM -— CHANNEL 15 INTERFACE CONTROL 


The inputs to this circuit are generated by hardware (fast function), by microcode (slow 
function), or a data transfer. The Connected signal must be present for any signal 
interchange to take place on the TPM/channel 15 interface. 


The counter shown at the bottom determines whether the Channel 15 Input Port FIFO Buffers 
(TPM 3.2C) can accept more data. This counter increments for 800 nanoseconds. After 

800 nanoseconds, the circuit samples the FIFO Full signal. If a FIFO buffer is still full 
after 800 nanoseconds, that FIFO buffer is completely full. The 800 nanoseconds should have 
been enough time for the word just written into the FIFO buffer to advance to the next 
location and drop the FIFO Full signal. In this case, 64 words have been written into the 
buffer and TPM Inactive is generated instead of TPM Empty. However, if by the end of 800 
nanoseconds the FIFO is not full, the byte has advanced and TPM Empty is generated. Channel 
15 is then able to send another word to the FIFO buffer. The byte that fills up the FIFO 
buffer generates TPM Inactive. 
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TPM FUNCTION DECBDER (21) 


O7TXX_FCIN 
= 2C : B 


CHAN 15 
BUS baTa O2xx FCIN 
BITS 52-5T.63 ee TPM-CHAN 15 INTERFACE CONTROL (22) 
49 > (T) OUXX_FCTN 
OOxx_FCIN : 38 


JPM FULL: 


C2NNECTED © CHAN 15 ACT QUT 
(OOXX FCTN + O1XX FCTN) 

+ CONNECTED © 280 REPLY FULL 
¢ CHAN 15 ACT STATUS 


TPM INACT: 
CONNECTED 


° PORT SEL AND FIFO NOT FULL 
FCTN Tl * ZO FCTN TI 

ZBO REPLY INACT 

CHAN 15 ACT STATUS 

FCTN # 6XXX FCTN 

OTS oa ht ae ee 
PRT SEL AND FIFQ NOT FULL) 


TPM EMPTY: 
CNT=15 
« P2RT SEL AND FIFQ NOT FUL 
+ CQNVECTED © Z80 REPLY EMPTY 
* CHAN 15 ACT STATUS 


Z60 REPLIES 
FULL. EMPTY. INACT 


TPM _LNACT 


a+ +04 4 


TPM ERP TY 


MC 


CHAN 15 FCTN QUT 
AN 15 EMPTY QUT 


PORT SEL AND 
FIF@ NQT FULL 


IF PORT | 
SEL PORT _O FIFO FULL 


FIFO FULL =] 


(B) CONNECTED 


L@AD FIFB 28 


CHAN 15 INACT. QUT 


, O-—f] 
sien ha 


|=] MUX CONDITIONS 
BUSY, FULL, EMPTY. 
FCTN CQ0E 
[> } BED (4) iF 


TPN FUNCTION DEC2DER AND 
INTERFACE CONTROL 


60463540 C_ 


DEADSTART CHANNEL NUMBER SELECTOR (JK) (TPM 3.7) 


PP AND DEADSTART NUMBER COUNTERS 


These are free-running counters that operate constantly. The outputs of these counters are 
gated out to the PP Q registers when Deadstart Master Clear is generated during the 
deadstart sequence. Two different combinations of numbers can be gated out. Odd Counter 
Bits 60 through 63 contain numbers for the odd barrels. These are numbers 5g through 

llg. Even Counter Bits 60 through 63 are for even barrels and correspond to the numbers 0 
through 4g, Bit 59 is determined completely by PP reconfiguration bits 59 and 60. 

Numbers 0 through 4g remain the same or change to 20g through 24g. Likewise, numbers 

5g through 1llg may change to 25g through 3lg. 


The PPO At Rank 4 signal (a 4-MHz clock pulse) synchronizes all barrels and slots. 
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DEADSTART CHANNEL NUMBER MUX 


This multiplexer determines which PP numbers go 
into the Q bits for the PPs in those barrels. 
the channel number bits are gated through from 


to which physical barrels and are entered 
When no Deadstart Master Clear is present, 
the NIO Environmental Control bits 43 through 


47. When Deadstart Master Clear is present, the channel number bits come from the PP and 


Deadstart Number Counters. 
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PP AND DEADSTART B 
NUMBER COUNTERS (23) 


Tl DEADSTART CHANNEL NUMBER MUX (24.25) 


QOD CNTR 200 CNTR 
BITS 60-63 BITS 60-63 
@)—{*}-—)—-4 2, G) ©) G) 
SITS 60-63 
B 
PP2 AT [—| NEO EC 
ss stig BLTS 43-47 BITS 44-47 
BITS 60-63 wT © (4) 


BAS! 
BITS G0-63 


PPQ_AT RANK 4 


JDWJS, 
JT,JW, 
8A 
8A MC SEL 2: 
wc BASO-3 BIT 59 
BASO_SEL.1:; _ __ 
QO (2 + SIN) (1 + ZIN + SIN) 
BAS1,3 SEL 1: 
!+3+2e 
PP RECBNFIG 


BITS 53,60 0-3 BAS2 SEL 1: 
5B (2) (4) | +3 
: BASO BIT 59: 


NI@ EC BIT 43 = NC + 
(t © 2IN + 2 ¢ SIN) 


BAS1 BIT 59: a= 
NIQ EC BIT 43 © NC + MC 
(2 + 3) 


BAS2 BIT59: __ 
NIQ EC BIT 43 © NC + WC 
(0 + 3) 


BASS BIT 50: a 
NIQ EC BIT 43 e nC + 
(O + 1) 


BAS2@.3 INSTALLED 
(2IN.3IN) 


uw (2) 
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(4x5) 
PAR | BASO-3 PAR 
GEN (4) 
(23) 


DEVELPPMENT 
LVI 


38] 8 
‘ll 


BaSO-3 DG CHAN 
BITS 53-635/PAR 


GE)—>— kr 


LEVEL 
DEADSTART CHANNEL 
NUNBER SELECTOR 


MASTER CLEAR GENERATOR AND DEADSTART BRANCH TESTER (JK) (TPM 3.8) 


MASTER CLEAR GENERATOR failure occurred. The P Match signals originate from physical BAS O through 3. Only one of 

these is selected, depending on PP Reconfiguration Bits 59 and 60. These bits select the 
Master Clear determines whether the channel number bits are going to be gated from the physical BAS, which is logical BAS 0. Count Equals 41 generates the Reset Timeout Counter 
JT board or from the Deadstart Number Counters (TPM 3. 7A). The Deadstart Sequence In signal, which then generates Long Deadstart Part 2, which enables the second part of a long 
Progress signal produces Master Clear. | deadstart sequence. It also generates the Long Deadstart End signal. 


While a long deadstart is running, the Z80 checks for errors. First the Z80 checks whether 
the long deadstart program has successfully been transferred from the Z80 EPROMs (TPM 3.0) 


ac en to PPM 0. This occurs after the Z80 transfers that program. A transfer error prevents a 
short deadstart from being executed after the attempted long deadstart program. If no 
This counter counts to 41, By the time it reaches 41, the long deadstart program should transfer error occurred in the long deadstart, the Z80 checks for a Long Deadstart Branch 
reach address 6200g in the unconditional branch test oe send back a P Match signal. Test Failure. If this failure has not occurred, Long Deadstart End is set and the Z80 
These conditions generate Reset Timeout Counter. checks for a status summary error. Then the Z80 checks for the PP address equal to 7/618, 


which is the last address in the long deadstart program. The Z80 does this by having the 
MAC read the PP registers for BAS 0. Then the Z80 checks the P register for PP 0 and BAS 0 


for address //61g, The Z80 executes a short deadstart sequence when P equals 77618, no 
DEADSTARI BRANCH TEST | errors are detected, and Long Deadstart End is set. 


P Match (BAS O through 3) enables the Long Deadstart Branch Test Failed FF. If the count of 
the Branch Test Timeout Counter goes to 41 and P Match exists, no long deadstart branch test 
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A 
MASTER CLEAR GENERATOR (26) 


PYR PwA Q 
DISTR a 
Sys 
DS SEQ IN 
5B PROGRESS 
CQ,JA,JC,JQ, 
TA PP@ AT RANK 4 JS,JT,JU,KB 
Lis 3C.6A 
re R 


DEADSTART BRANCH TEST (27) 


PP@_AT RANK 4 


BRANCH TEST TIMEQUT COUNTER (26) 


PPQ AT 
RANK 4 rs] +/ 


PP RECONFIG 


re] CNTR 
LDS BIF 
| 
=} ~o* 


BITS 59.60 (SEL 2.1) IF 
RESET TIMEBUT CNTR 
LD 
TI 
re | LDS END 
JF LD 5 
Tl 
Level 


A 
CLEAR 


AM AK 
GENERAT@R 


AND DEADSTART BRANCH TESTER 
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MAC DATA 
9 ALv 


JQ 


CLR_LED 


7B (8) 
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A 
WAC INTERFA 
(23) 


RGTR i re] BYTE _CQDE_RGTR_ STROBE 


B 
AC DATA FANOUT 
BYTE CQOE (24) 


RGTR_STROGE 


MAC DATA 
BITS 0-7/8 


MAC DATA 
BITS O-T 


(@) 


WRITE BYTE 
CODE 4.2.1 


6.7.1 3)4e! 
ENBL WRITE MASK 
ENBL WRITE PPM ADRS 
ENBL WRITE TM 
NBL_ WRITE FS! 
BYTE SEL 4.2.1 
GB (GG) Anes! 
ENSL_MASK READ MUX 
ENGL BI. TW READ MUX 


DCDR a a, ENB FSi READ WW. 
RCE aca ented ENBL_FSI, OI. TN DATA 


a | ‘ 
ts 


60463540 a | 


paso J 
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PPN AORS RGTR 
4,26) 


MAC PPM ADRS 
BITS 48-63 


ENBL STROBE 
WRITE BYTE bY | - PPy 
CODE 4.2.1 
; (3) DCDR 


Be STROBE 
YTE 2 - PPM 
08 s) RGTR 
ENBL WRITE $ ENBL NAC DATA BITS O-T (8) (16) 
OA ENBL_ WRITE SEL MAC DATA FSI MAC PPM ADRS PAR 


O-T BYTES 0-7 0-3 
(8) (8)-— 2] (8) (4) x 
" = 48 
3 4c 
6.7 
OB ENBL WRITE FSI re] 4D 


Ig@3 OR ERROR 


~) 


Cc 


WRITE STROBE DECADES 
(25) 


JK DS. STROBE I: ne | uc ee 
CODE 4.2.1 BYTE STROBES 0-3 
(4) EF (4) (4) © | (4) 2A 


: ae 
(B) ENBL WRITE 
=NBL WRITE MASK 


08 
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: TTT 
STROBE DECQOERS AND 
PPM ADRS RGTR 
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A MASK DATA 


MAC DATA BITS 2-7.10-15., 
BITS 2-7 MASK | 18-23.26-31 
GIR 
08 (6) jo 4x6 ) ( 4x6 )—4 78 
LD (16) 
MASK RGTR BYTE 
STROBES O-3 
ic (4) 
MASK DATA 
BITS 3-7. 11-15. 
19-23.2T-31 
B 
ADU BAS WASK 
READ 0-3 (8) 
READ TAGS 6-8 
2D (SEL 4.2,1) 
© T.15.23.31 


s@ 


ADU/BaAS MASK AND GROUP ERRQRS 
(4) 


ra! 
re] (6) READ ENDL ERROR 3D 


eee ADU 
ERRORS 48-51 45-51 
) o @ ae 
48 


CM DATA IN ERRBRS 


52.54.55. 554 
(4) 4D 
54,55. 

55 
LUC CM ADRS PE) 4B 

Ks) 
eo (WRITE TAG ERROR) 48 

JE ERROR (38) _ WRITE ENBL ERROR 
WRITE TAGS 6-8 (4) e | (4) 3B 
G) FCTN PE (55A) 
38 WRITE 0-3 Jc M_ADRS_PE 
D 
3.11,19,27 : 
4 


tr cm ze 
PP MASK 
(4) (4) 4A 
Pete 3 
(4) PP MASK CLOCKED 
7.15,23,31 ae (4) BA.4A 
@) 
PP CNTR RANK | 
BITS 0-2 
(SEL 4.2.1) 
_ S) 


u Vi Le D A RAN Ck ik Dus 5 2, 

MASK NE TSOOS ical 60463540 a | 
DEVELOPMENT + * 

ame Mae [a 
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BAS PP 
ERROR GENERATOR 
(5) 


BAS 0-3 PP 
MASK CLOCKED 
2p (4) 
BAS 0-3 ERROR 
4A (4) 


o-2 
BA (3) 
6QCT+E) ¥RITE TAGS 6-8 
TAG (3) 
BITS 3-8 
JD (6) 
28 
WRITE 0-3 
ENBL 
3-T. | 1 ba | 5. 
0-3()1225.27-31 
3.11.19.27 


WRITE ENGL ERROR 


(4) 
(4) 


om 
ADU ERRORS FSI 
4) 3-7.11-15. 
7.15,23.31 19-23,27-31 
4) (4x5) 


READ TAGS 6-8 
READ TAGS 3-8 


uD (6) 


READ 0-3 


@) 


3.11.19,2T7 


4.12,20.28 


as 
sige 
4) 


READ ENBL ERROR 


5.13,21.29 
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08 ETE 495 ) 


Cc 
FST BYTES O-3 
4X ERRORS TQ FSI (9,10) 
3-7. 11-15.19-23.2T-31 


FSI BYTES 0-3 
(BITS 3-T,1I-U5. 


GDL HOE E-OE) oo 
ADU ERRORS TB FSI i if RGTR 
3-7.11-15.1923,2T-3! 


4x5 


SEL MAC DATA FSI 
BYTES 0-3 


IA (4) 
BITS 


MAC DATA 3-7, 11-15, 
BITS 3-7 19-23,27-31 


iS 


B 
A ane) 
NASK AND GROUP ERRDRS - BAS 0-3 BAS 0-3 ERRORS JC_CM_ADRS PE (36) 
(2.3) 32.33.35, 36.44, ec 
45,47, 52 


os ae aaa ane ee (tts S38) 
z @ EHE] co Ct) 5 i 
UW O-3 ERROR RANK | (32) mm AOLK ERROR (34 
uw (4) (4x7 ) asia ae JD JO ERROR (37) 
KR 0-3 ERROR (33) Kes WRITE TAG ERROR (38) 
KR (4) ©) ERROR 139) 
BAS O-3 JC ERROR (36) : 
TA F 
Jc aos (4) SEL MAC DATA FSI 
CONVERSI@N CONVERSION me 
ERR@R ERRQR 0-3 MAC DATA 
RANK 2 re (44) eae 
JW (4) OLY (4) On. (8) 
(4) 
TI 
BAS 0-3 @SB ERROR (45) 
JE 
UW 0-3 FIRMWARE ERROR RANK 1 (47) 
Jw (4) Cc 
BAS 0-3 CM DATA PE (52) FSI Brie 5 
. U2) 
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KB O-3 ERROR (35) 5 0-37) 40-43 
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BAS 0-3 PP MASK CLOCKED BAS O-3 PP MASK CLOCKED 
2D 
FS! BYTE 5 


(BITS 40-47) 


5C.7B 
SEL MAC DATA FSI 
1A BY 
MAC DATA 
BITS 0-7 
Cr) O-1/g) 40-47 
or ADU ERROR 48 
BAS 0-3 ERROR 52 
AOG_DATA QUT P 
uJ 
ADRS/ECIN OUT PE 
E 
ERROR REPORTING BYTES 6-7 CM DATA IN ERRORS 
FS! BYTES 6.7 DATA Td FSI BYTES 6.7 52-54.95. S54 
(BITS 49-51 .53, 56-63) (BITS 49-51,53, 56-63) 2c (4) Gree ae 
v © (2x8) 5C.TB 
SEL MAC DATA 6) 
FSI BYTES 6.7 
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MAC DATA 
. Tas 53) BETS Ot 
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Jd 
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JH 02-5 CNI ERROR (60-63) 
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PP_O AT RANK 2 
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PP CQUNTERS 
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PP CNTR RANK 4 
BITS 0-2 
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PP CNTR RANK | 
BITS 0-2 
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PP CNTR RANK 2 
BITS 0-2 
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3 J 
eparnr PP COUNTERS AND ERROR 


7 STOP GENERATOR 


BIT O 
BAS 2.3 INSTALLED 
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QI, TM DATA 
fo)s) ENBL MASK 
READ MUX 
MASK DATA 
BITS 2-7. 
A 10-15. 18-23, 26-31 
TEST MODE RGTR aA 4x6 ) 
(26) 
WRITE BYTE CODE 4.2.1 6) 
08 @) eo = 
ENBL QI. ™ 
TEST MADE RGTR 08 READ MUX 
On ENBL_WRITE 58-63 BITS 50-55, 58-63 
ENOL WRITE TH tL RGTR }-{6) (2x6 ) 
MAC DATA BITS 
“se BITS @-7 © 61-65 
© S ea 
BITS 
51-55. 58-60 Sik 
(8) 6B ow (0) 
HR/UR RI 1/2/3 (5) 
aw TPM INSTALLED (6) 
CHAN TYPE 0-3 
(0-3) 
BITS 
JL CHAN 0/1.2/3.4.5-6/T, O-T 
10.11, 12/13, 20/21 22/23. (8) OA 
24,25,26/2T, 32/33 
INSTALLED 
6/715145 QO.1s293+ 
BAS 1-3 
INSTAL TED 2/3s0/1 4,596.7 
(6.5.4) 
JW (3) 
m BAS | INSTALLED (7) 
0-3 
FSI BYTES 0-3 06 
(BITS 3-7. 11-15. ENBL FS! READ MUX 
19-23,27-31) 08 
x (4x5) 4) FSt BITS 0-63 
FSI BYTE 4 
(BITS 32-39) 
48 (8) 
FSI BYTE 5 
(BITS 40-47) 
cS (8) 
FSI BYTES 6.7 
(BITS 48-55, 56-63) 
40 ( 2x8 ) 
0-2,8-10. 16-18,24-26 PLEVEL AM 
o (2) BYTE SEL 4.2.! TEST MODE RGTR 
08 G) AND READ MUX 


DEVELOPMENT 
OLVISION 


60463540 G ; 


> 


MAC INTERFACE 
(2) 


RGTR BY 
a - 


LOAD 
C2DE_RGTR_STROB 


MAC DATA AT AZ| 


JQ 


ENBL_ WRITE 


READ 
ia RGTR MAC DATA FROM A21 
IN INV MR WRITE PAR 
BOARD ERROR 
Cc 
=e se 
(i213) 
on ara : 
BITS 32-63 56-63 
ie @) aes 
ee ere Bed 
BITS OT es 
ieteeieeatpse Pan 
eae cre 
WAC DATA 
SERTAL INP BITS 0-7/8 


ENBL READ MASK 


FS2 RGTR 
BITS 32-40, 42.44-56, 58-63 


Pere 
=| 


L@aD 


BITS 41.43.57 PARALLEL 


READ 
BITS O-T 


os 
ler 
EN 


ENBL_READ EC 


BIT 7/P 
(SEL 2.1) 


60463540 G 


IA 
JQ 
B 
BRARD ERROR 
(2) 
‘fa CLR LED 
D 
uC 
RGTR MC 14.24.38 
TI 
(15) e A. 
MAC WRITE AND READ ENABLES 
CLR (3 


MAC DATA 
BITS O-T 


©) 


WRITE BYTE CBDE c-l : 


1.82) 2! 


1A ERRORS. (2) 
BITS Eel 
O-7 


BYTE C2Q0E 
RGTR_STROBE 


IC.2A 


ENBL WRITE EC 


: 
WRITE 6 ENBL_¥RITE FS2 
DCDR 

5 | __ENSL WRITE MASK 1p 


BITS 
4,5.7/8 


ENBL_READ EC 


7 
READ eo ae READ FS2 
DCDR 

ENBL_READ_ MASK 


BIT 7/PAR 


1/8 Ci) T/PAR 


BITS 4.5 
(SEL 2.1} 


(2) 


READ MUX AND 


se) ac 


3A-29 @ 


MAC INTERFACE 


DEVELOPMENT 


DIVISION 


OE 


OE 
OA 
OE 
0D 
UF 


JQ 


60463540 G 
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CONNECT CODE REGISTER, Z80 AND MCH CONTROL MUX (JQ) (MAC 3.0) 


CONNECT CODE REGISTER e 280 Inactive Reset - Generated during a MAC operation with the TPM when the TPM is 


sending a function word or when it generates the Z80 Active signal. The Z80 Active 


The Connect Code Register circuits determine when a connect code requiring MAC intervention signal instructs the MAC to start the function that the TPM has specified. 


is being issued. Such a condition exists when: 


-@  Z80 Ready Reset - Generated during a MAC operation with the TPM when the TPM is 


e The Channel 17 Function signal is active. This signal from the JM board indicates sending/receiving a data word. 


that a PP is issuing a function word over channel 17. Assuming no Hold Function On 


_ Channel 17 is being generated, this results in the Function In and Strobe Select e Function - Generated during a MAC operation with the TPM when the TPM is sending a 
Code signals being generated. These signals cause the MAC to recognize the function function word (Z80 Full In signal active and 280 Next Full Is Function signal 
word and decode the connect code within bits 52 through 55 of the word (MAC 3.2B). active); or generated when a PP addresses channel 17 and issues a function word. 
If Hold Function On Channel 17 is being generated, the TPM is using the MAC and 


channel 17 functions are disabled. e 280 Ready - Generated when the MAC has either accepted a word or is sending a word 


during a data exchange. 
6 The Z80 Connect To RI signal is active. This signal from the TPM indicates it is 


connecting to the MAC. This and an accompanying Z80 Full signal generates the e 280 Inactive - Generated during a MAC operation with the TPM after ther TEM nesUsene 
Strobe Select Code signal. Strobe Select Code enables the decoding of the connect the MAC a function word. 

code from the TPM. In addition, the Z80 Connected, Select RI, Z80 Select, and . : ‘th a PP 
Select Z80 signals are generated. These signals condition various circuits for the e Inactive or Timeout ~ Generated during a MAC operation with pe ee ee pie “e t 
pending data exchange. These signals remain set until the transfer has been when the TPM or connected PP has sent an inactive indication following tne ie f 
completed and the TPM disconnects from the MAC. control or data word in the exchange; or generated when the MAC has not received a 


response from the connected PP for 100 milliseconds. 


Z80 AND MCH CONTROL MUX 


This circuit provides the Z80 Response Control circuits (MAC 3.1A) with the current I/0 
status from either channel 17 or the TPM. The multiplexer provides the I/O status from 
channel 17 except when the TPM connects to the MAC. Then the multiplexer provides the I/0 
status of the TPM until the TPM disconnects. The I/O status information provided includes 
full, empty, active, and inactive indications plus the following. 
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: Z80 RESPONSE CONTROL (JQ) (MAC 3.1) ; 


Z80 RESPONSE CONTROL 


These circuits send responses to the TPM, pass I/O status to the RIs, and determine whether 
the device accessing MAC is in input or output mode. 


RESPONSES SENT TO TPM 
_The responses sent to the TPM include: 
e Ready Response - Currently not used by the TPM. 
e Inactive Response - Currently not used by the TPM. 


@ Enable RI Bus - Enables data from the MAC to be transferred to the TPM during a 
TPM/MAC operation. 


I/O STATUS PASSED TO RIS 


The Z80 Response Control circuits pass the I/O status indicators that follow to the HR/JR 
board. Effectively, these indicators reflect the 1/0 status of a PP that is connected to 
channel 17 for the purpose of performing an I/O exchange with the CPU MAC unit or memory MAC 
unit. The HR/JR board contains RIs 1 through 3. The RI, which has been enabled by the 
connect oo from the PP, transfers these indications to the interconnected CPU or memory 
MAC unit. 


e Function to RI - Set when a function word is being issued by the PP. 
@ Ready to RI - Set when the PP is sending data or has received data. 


e Active to RI - Set when the PP is to begin sending data or when the PP is ready to 
receive data. 


e Inactive to RI - Set after the PP has sent the last control or data word in an 
exchange. 


NT 


tCurrently, no I/O exchanges involving the TPM occur over RIs 1 through 3. 
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TRACKING OF INPUT/OUTPUT MODE - 


The Z80 Response Control circuits use the Input Mode and Output Mode signals to indicate 
whether a PP or the TPM is about to input information from the MAC (Input Mode active) or 
output information to the MAC (Output Mode active). When no I/O is occurring with the MAC, 
Input Mode is kept active and Output Mode inactive. This disables the receiving circuits of 
the MAC (MAC 3.3A) so no false parity errors occur. 


MCH SIGNALS IN - FF RESET CONTROL 


These circuits pass I/O status indications within the MAC when it is performing an operation 
with a connected PP or the TPM. Under these conditions, the signal Enable RI 0 is active. 
This allows indications similar to those previously described for RIs 1 through 3 to be 


- distributed through the MAC. 


These circuits also distribute signals that reset the MAC for a new operation after the 
present operation has been completed or when a power on or deadstart occurs. 


CONTROL WORD REQUEST CONTROL 


These circuits determine when a PP or the TPM is sending the second control word to the MAC 
at the start of an operation. The MAC ignores the first control word of an operation and 
latches and decodes only the second control word. Table 3A-1 lists the signal interchange 
sequences that start a MAC read/write operation. Similar sequences are used for an echo 
operation. A request summary status operation does not require control words and, 
therefore, has a much shorter starting sequence. 


Upon receipt of the first control word of a MAC read/write operation, the First Ready Seen 
FF sets. The Control Word Register (MAC 3.3A) does not latch this word. When the second 
control word is received, the signal Load Control Load Register is generated to latch that 
word and the Control Word Full FF sets. The latched control word is decoded to establish a 
starting address in the MAC nanocode. When the next active indication is received from 
channel 17 or the TPM, the MCH Request Nanocode signal is generated to start the nanocode 
sequencing. The nanocode provides the control for accessing the specified register. When 
the 1/0 exchange is complete, the First Ready Seen and Control Word Full FFs clear. 
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Table 3A-1. Start of a MAC Read/Write Operation (Sheet 1 of 2) 


Sequence with a PP via MCH Sequence with the TPMT 


Channel 17 Function signal sent to Z80 Connect To RI signal sent to MAC. 
MAC along with function word 
containing RI O connect code 

(bits 52-55), opcode (bits 

96-59), and type code (bits 60-63). 


MAC: Select RI signal sent to TPM. 


TPM: RI O connect code sent to MAC via 
data bits 60-63 


MAC Inactive signal sent to MCH. Z80 Inactive and Z80 Next Full 


Signals are a function sent to MAC. 


Channel 17 Active signal sent to 
MAC... 


280 Full signal sent to MAC along 
with function word containing opcode 
(bits 56-59) and type code (bits 

60-63). 


Channel 17 Full signal sent to 
MAC along with first control word 
(control word ignored by MAC). 


Inactive Response signal sent to TPM 
(signal ignored by TPM). 


MAC Empty signal sent to MCH. Z80 Active signal sent to MAC. 


Channel 17 Full signal sent to 
MAC along with second control 
word (bits 56-63). 


Enable RI Bus signal sent to TPM. 


TPM: 2Z80 Full signal sent to MAC along 
with first control word (control 
word ignored by MAC). 


MAC: MAC Empty signal sent to MCH. 


Channel 17 Inactive signal sent 
to MAC. 
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Table 3A-l. Start of a MAC Read/Write Operation (Sheet 2 of 2) 


Sequence with a PP via MCH Sequence with the TPMT 


Channel 17 Active signal sent Ready Response signal sent to TPM 
to MAC. MAC prepares for (signal ignored by TPM). 

read/write from/to register 
specified in second control 
word. 


TPM: 280 Full signal sent to MAC along 
with second control word (bits 
56-63). 


Ready Response signal sent to TPM 
(signal ignored by TPM). 


Z80 Inactive signal sent to MAC. 


Z80 Active signal sent to MAC. MAC 
prepares for read/write from/to 

register specified in second control 
word. 


TThe TPM sets the signal Hold Function On Channel 17 before performing I/O exchanges 
with the MAC. The TPM keeps the signal set until it is done using the MAC. 
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Z80 AND MCH INTERFACE, RI DATA MUX (JQ) (MAC 3.2) 


Z80 AND MCH INTERFACE 


This circuit gates: 


RI Bits 56 through 63 and parity bit to channel 17. This occurs when a PP is 
connected to an RI to input data from a CPU or memory MAC unit and the unit has a 
full condition. 


MAC Data Bits 0 through 7 and parity bit to channel 17. This occurs when a PP is 
connected to the MAC (RI 0) to input data and the MAC has a full condition. 


MAC Data Bits 0 through 7 and parity bit to the TPM. This occurs when the TPM is 
connected to the MAC and a data path is established between then. 


The Invert RI Parity signal from the JJ board allows parity errors to be deliberately 
generated for testing purposes. 


RI DATA MUX 


The RI Data Mux circuits multiplex data from the TPM and channel 17 and decode RI connect 


codes. The data from the TPM and channel 17 is handled as follows. 
e 280 Data In Bits 56 through 63 and parity bit go to the MAC Channel Receiver 
(MAC 3.3A) when the TPM is connected to the MAC. 
e MCH In Bits 56 through 63 and parity bit go to the MAC Channel Receiver and the 
JR board when the TPM is not connected to the MAC. 
60463540 G 


The RI Data Mux circuits also receive Channel 17 RI Data Bits 52 through 55. These bits 
carry a connect code when a PP is issuing a function word on channel 17. When this occurs, 
the Strobe Select Code signal causes these bits to be latched and decoded. If the connect 
code selects an RI other than RI 0, an enable for the selected RI is sent to the HR/JR 
board. If the connect code selects RI 0, the MAC prepares for an operation with channel 
17. If the TPM is connected to the MAC when a function word is issued on channel 17, the 
connect code (and the rest of the function word) are ignored until the TPM disconnects. 


The Strobe Select Code signal is also generated to latch and decode the connect code sent by 
the TPM. The TPM places a connect code on Z80 Data In Bits 60 through 63 before an 


ae between it and the MAC is to occur. The connect code from the TPM always selects 
I 0. 
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CONTROL WORD AND TYPE CODE REGISTERS 


CHANNEL RECEIVER, TYPE CODE REGISTER, AND CONTROL WORD REGISTER 


These circuits latch the type code and control word for a MAC operation and receive the data 
destined for maintenance registers during a MAC write. At the beginning of a MAC operation, 
the Type Code Register latches the type code sent by the TPM or a PP on bits 60 through 63. 
The type code is part of the function word. The bits carrying the opcode of the function 
word are passed to the Function Decoder (MAC 3.4A). 


Later, the Control Word Register latches the second control word sent for the operation. 

The type code and control word remain latched until replacement occurs during the next 
operation. With an echo operation, the second control word is the word that is to be echoed 
back to the connected unit. With a request summary status operation or any of the MAC clear 
operations (clear LEDs, clear ADU/CMI, or clear fault status registers), no control words 
are involved, and therefore, control word latching does not apply. 


Data to be written into maintenance registers is received in 8-bit bytes. After a parity 
check, the data is passed to the Data Mux (MAC 3./7C). 


TYPE CODE DECODER 


The Type Code Decoder checks that the type code for a MAC read/write operation is zero. If 
any other type code is received, only a dummy read/write operation is permitted. With a 
dummy read operation, the MAC returns zeros instead of reading from a register. With a 
dummy write operation, the MAC accepts data but does not write the data into a register. 


60463540 C 


AND DECODERS (JQ) (MAC 3.3) 


CONTROL WORD ENCODER 


This circuit produces nanocode address bits that are based on the second control word 
received during a MAC read/write operation. This second control word specifies the number 
of the maintenance register where the read/write is to occur. 


The Control Word Encoder circuit also checks for an illegal PP access condition. An illegal 
PP access condition exists when a control word from a PP specifies a register that is not to 
be accessed by PPs (such as the NIO or CIO Channel Status Registers). This causes a dummy 
read/write to be performed. However, if the test signal Enable PP Access is set, the access 
by the PP is allowed. The TPM is allowed access to all maintenance registers. 
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FUNCTION DECODER AND STARTING ADDRESS ENCODER 


These circuits decode the opcode portion of a function word and generate a starting nanocode 
address for the MAC operations that require nanocode execution. Table 3A-2 defines the MAC 
operations, lists their opcodes, and indicates which require nanocode execution. 


Table .3A-2. MAC Operations and Opcodes 


Nanocode 
Operation Required 


Clear LEDs - MAC clears all LEDs in IOU that are error 
indicators. 


Read — MAC reads from the maintenance register specified 
in second control word and transfers the data to the 
connected unit (a PP or the TPM). 


Write -— MAC writes the data received from the connected 
unit into the maintenance register specified in second 
control word. 


Master Clear ADU/CMI - MAC master clears the ADUs, CMI, 
and the R barrels in BASs. 


Clear Fault Status Registers —- MAC clears the Fault Status 
1 and Fault Status 2 Registers. 


Echo ~- MAC sends a data pattern to the. connected unit 
upon each empty indication. The data pattern is stored 
in the Control Word Register (MAC 3.3A) and is the second 
word that the connected unit sent at the beginning of 

the operation. 


Request Summary Status Byte - MAC sends the contents of 
its IOU Status Summary Register (MAC 3.7D) to the connected 
unit. 
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FUNCTION DECODER (JQ) (MAC 3.4) 


CLEAR LED CONTROL : 


This circuit generates the Clear LED signal upon a power on or when an opcode of 3 has a 
received along with a type code of 0. The Clear LED signal clears all error indication 


in the IOU. 


MASTER CLEAR NETWORK 


This network generates: 


e The Power On Master Clear signal upon a power on. This signal prepares the MAC for 


operation and generates the Clear LED signal. 


e The IOU Clear Error signal when an opcode of 7 has been received along with a type 
code of 0. This signal clears the Fault Status l and Fault Status 2 Registers. 


e The Master Clear signal when an opcode of 6 has been received along with a type code 
of 0. This signal clears the ADUs, CMI, and the R barrels in the BASs. 
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NANOCODE REQUEST AND MAC TIMING CONTROL 


NANOCODE REQUEST CONTROL 


This circuit generates the signal Start Nanocode when a MAC operation requiring nanocode 
execution is to be performed. This is when either: 


e The second control word for a read/write or echo operation has been received and an 
active is present. 


e The opcode for a request summary status operation has been received and an active is 
present. 


The signal Start Nanocode starts the timing chain in MAC Timing Control and causes the 
starting nanocode address to be presented to the Nanocode ROMs (MAC 3.6C). This starts the 
nanocode sequence for the pending data transfer. 


While data is being transferred, the signals MCH Request In Progress and MAC Busy are set. 
The signal MCH Request In Progress enables data to be transferred from the MAC to either the 
TPM or channel 17 and blocks the data path from the radial interfaces to channel 17 

(MAC 3.2A). 


MAC TIMING CONTROL 


The MAC Timing Control circuits interact with the Bit-Serial Control circuits (MAC 3.8C) to 
provide the following described timing during a MAC read/write operation. The MAC Timing 
Control circuits also provide the timing for echo and request summary status operations. 
The timing for those operations basically consist of a short NO through N3 sequence where 
the corresponding starting nanocode is addressed, followed by one NO through N7 sequence 
where the nanocode at address DFjg (echo) or DE), (request summary status) control the 
routing of the echo byte or status summary byte into the Channel I/O Register (MAC 3.7F). 


Timing for read/write operations: 


1. At the start of an operation, the signal Start Nanocode starts the timing chain in 
MAC Timing Control and causes the starting nanocode address to be presented to the 
Nanocode ROMs. 


2. The nanocode at the starting address prepares the MAC for the subsequent data 
transfer and generates the signal Short Sequence. This and the signal N3 Time 
generated from the timing chain restarts the timing chain and generates the signal 
Start Sequence. At this point, Start Sequence causes a new nanocode address to be 
selected that is derived from the second control word. 


3. The selection of a new nanocode address generates the signal Next Address. This 
signal sets the Load Byte Code FF. Load Byte Code loads new byte code bits into 
the Byte Code Incrementor (MAC 3.8B) that are generated by the newly selected 
nanocode. 
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10. 


ll. 


12. 


(JQ) (MAC 3.5) 


At N2 Time, the Load Byte Code FF clears. = 


At N3 Time, the signals Load Bit-Serial Register and Start Bit-Serial Transfer are 
generated. Load Bit-Serial Register causes a parallel load of byte code bits (and 
data bits if a write) into the Serial/Parallel Shifter (MAC 3.8A). Start 
Bit-Serial Transfer enables the Bit Serial Control Counter (MAC 3.8C) to increment 
on each succeeding clock pulse. These conditions start the serial transfer. 


When the serial transfer of a data byte is complete, the Bit Serial Control 
circuits generate End Bit-Serial Transfer. This signal enables N6 and N/ Times to 
occur. 


At N6 Time, the signal Load Channel Register is generated to load the Channel 1/0 
Register (MAC 3.7F) if the serial transfer was a read. The byte read is loaded 
into this register. 


At N7 Time, the Error Detector circuits (MAC 3.10A) check for a parity error on the 
transfer and a MAC ready condition is established. If a read from an A, P, Q, or K 
register is occurring, Nanocode Bit 33 will be set to restart the timing chain 
(such a read requires the transfer of two sets of byte code bits). 


An empty indication from the connected unit if a read or a full indication if a 
write generates the signal MCH Ready On Byte transfer. This sets a FF and the 
timing chain starts again for the next byte to be read/written. 


At N2 Time, the Byte Code Incrementor adds a one to the byte code it loaded after 
the nanocode address change. This causes the next byte location within the 
selected register to be read/written next. However, if that byte location register 
is on a different board than the previous byte, a new nanocode address is selected 
at the start of the timing chain and the Byte Code Incrementor loads a new byte 
code instead. 


Steps 5 through 9 repeat. 


The cycle continues until all byte locations in the selected register are 
read/written or until the connected unit issues an inactive to end the operation. 


3A-46 


60463540 C 


> 


MAC TIMING CONTROL _ 


7) 
2? 
Tt OLY 
TRANSMIT TQ CHAN o 
eC { BLIT-SERTAL 
6D NEXT ADRS 
MCH RDY QN 
FCTN @R END 
ic OR PWR ON OR D 


NANDCODE REQUEST CONTROL 
(4) 
VCH REQ NCODE 


= 
OS _@R PwR ON @) 
Tl 


he 


ee SHORT SEO 
iz ec END BLT-SERIAL XxFER 
END OR PWR ON BR DS 


START NCODE 


LEY 
oe ere 
MAC TIMING CONTREL 


CEVELEPNENT 
OLVISION 


CHECK READ 


LOAD CHAN RGTR 


L@AD BIT-SERTAL RGTR 
START BIT-SERTAL XFER 


LOAD BYTE CODE 


NT_ TIME 


START SEQ 


1OA 


76 
Sex 
BB 


8B, !0A 


TA 


NANOCODE CONTROL (JQ) (MAC 3.6) 


NANOCODE ADDRESS MUX REGISTER 


These circuits provide the address that accesses the nanocode during read, write, echo, and 
request summary status operations. The first nanocode address used in these operations is 

the start address carried on input port O of the Address Select Mux. Table 3A-3 lists the 

values of start addresses for each type operation. 


Table 3A-3. Nanocode Starting Addresses 


Read 


Starting Address (Hex) 


30 


Write 31 


Echo 36 


Request summary status 35 


The second nanocode address used in read/write operations is carried on input port 1 of the 
multiplexer. This address is based on the second control word sent by the connected unit 
and on the value of Nanocode Bit 0. The second control word specifies which maintenance 
register that data is to be read from or written to. Nanocode Bit 0 is set if the operation 
is a write and clear if the operation is a read. 


The third and subsequent addresses normally used read/write in operations are the nanocode 


generated addresses on input port 2 of the multiplexer. However, the control word based 
address on port 1 is also used in some cases as a return address. 
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The second (last) addresses for echo and request summary status operations are set DFj6 
and DE]6 values respectively. These addresses are nanocode generated on input port 2. 


The Nanocode Address Register latches the address gated by the multiplexer and presents the 
address to the Nanocode ROMs. This latching occurs as follows: 


e Starting address - For read, write, or echo operations, when the second control 
word has been received and an active is present. For a request summary status 
operation, when the opcode has been received and an active is present. 


® Second address ~ When the short sequence that follows the loading of the starting 
address is complete. 


° Third and subsequent addresses (only applies to read/write operations) - When the 
byte count of the Byte Counter (MAC 3.7A) equals the end code and an empty 
indication has been received if a read or a full indication received if a write. 


NANOCODE ROMS AND PARITY CHECK 


The nanocode residing in the ROM controls the execution of read, write, echo, and request 
summary status operations. The nanocode consists of 36 bits (including a parity bit). 
Table 3A-4 defines the function of these bits. 


If an attempt is made to read a nonexistent CIO register, the operation is blocked to avoid 


invalid parity errors from occurring. The signals CIO Installed 0 and 1 establish which CIO 
registers are present. 
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Table 3A-4. Nanocode Bits 


Contain the next branch address; if bit 0 = 0, a read function is indicated, if bit 
0 = 1, a write function is indicated. 


Indicates which branch select option to use. If bit is high, nanocode branches to 

next address as indicated by bits 0 through 7. If bit is low, nanocode branches to 
address determined by Control Word Encoder (MAC 3.3B). 
Enables bit serial transfer to take place. 


Select appropriate board to be read from or written to. 


When low, allows Fast/Slow Clock FFs (MAC 3.7D) to be set during a register D3 
write. 


Three-bit value determines when to end the byte transfer when bit 19 is low. 
When low, byte counter is loaded with bits 16 through 18. 


Select data gated by Data Mux (MAC 3.7C). 


When this bit is high, the JU or JC board selection is determined by the Bit-Serial 
Pak Selector (MAC 3.9A) rather than from the nanocode bits. 


When high, an OS bounds read is in progress and the MAC does a dummy read if the JU 
board AO9 is not present. 


When low, generates the signal Transmit to Channel. 
Identify a particular register and byte on a board. 


Indicates a short sequence for the MAC Timing Control logic (MAC 3.5A) during a 
read/write operation. 


Indicates that a transfer of a byte of data has occurred from the maintenance 
channel and causes the MAC Ready signal (MAC 3.10C) to occur. 


Allows continuation of nanocode progression between write and read operations, 
using only one function code. This occurs during a read A, P, Q, or K register 
operation, where the MAC must write two bytes of address and then read the register. 


When low, indicates write serial data is available for the chosen serial line. 


Even parity bit. 
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DATA MUX (JQ) 


BYTE COUNTER 


The Load Next Address signal generated by this circuit causes a new nanocode address to be 
loaded into the Nanocode Address Register (MAC 3.6A). The starting address for an operation 
is loaded when the Start Nanocode signal is generated. If the operation is an echo or a 
request summary status, the Byte Counter takes no further action. If the operation is a 
read or write, the following occurs: 


1. The nanocode at the starting address loads the Byte Counter with a value of seven. 


2. At N3 Time, the signal Short Sequence causes the address based on the second control 
word to be loaded into the Nanocode Address Register and the Byte Counter increments 
by one. This incrementing cycles the Byte Counter to zero in preparation of the 
read/write. 


3. At each N3 Time that follows, the Byte Counter increments by one to count the number 
of bytes transferred. 


4. When the byte count equals the end flag value on Nanocode Bits 16 through 18, it 
indicates that the next byte to be read/written is on a different board, and a new 
nanocode address is loaded into the Nanocode Address Register. 


5. The nanocode generates a new end flag value and the Byte Counter continues counting 
at each N3 Time. If the byte count and end flag value become equal again, a new 
nanocode address is loaded. 


6. This cycle continues until all data in the selected maintenance register is 
read/written or until the connected unit sends an inactive to end the read/write. 


ELEMENT ID MUX 


The Element ID Mux uses Byte Count Bits 1 and 2 to sequentially select the four bytes of 
element ID data for the IOU. Bits 48 through 63 of this data reflect a hardwired serial 
number; bits 40 through 47 indicate model type (code of 4016), and bits 32 through 39 
indicate the type of mainframe unit (code of 02 for I10U). This data is presented to the 
Data Mux for when a connected unit reads element ID. 


IOU STATUS SUMMARY REGISTER 


A request summary status operation reads bits 2 through 6 from the [OU Status Summary 
Register (this register may also be read as maintenance register 00). Bits 3 through 6 
reflect error conditions in the IOU and power distribution system. Bit 2 is the Status 
Summary bit. This bit is set when an error exists within the mainframe. The error may be 
in the IOU or in the processor or memory area. 


6046 3540 C 


(MAC 3.7) 


Bits 0 and 1 are the Fast and Slow Clock bits. These bits~are distributed to the JA board 
where clock frequency is selected and to the Data Mux for maintenance register 4016 
information. Nanocode Bit 15 must be set at N3 Time for a reselection of clock frequency to 
be made. 


DATA MUX 


The two-section Data Mux is the focal point of the MAC data path. The Data Mux is 
controlled by Nanocode Bits 20 through 22, which select the data that is gated. The 
selections include: 


e Input 0 Status summary data 

ry Input 1 - Channel 17 data or TPM data 
e Input 2 - Maintenance register data 

e Input 3 - Element identifier data 


e Input 4 - Echo data latched in Control Word Register (MAC 3.3A) 


e Input 5 - Maintenance register 40;¢ data (reconfiguration bits and Fast/Slow Clock 
bits) 


e Input 6 - All zeros for when a dummy read is performed 


e Input 7 - Channel 10 status 


CHANNEL I/O REGISTER 


This register latches the output of the Data Mux that is destined for channel 17 or the TPM. 
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BIT SERIAL CONTROL AND SHIFTER (JQ) (MAC 3.8) 


BYTE CODE INCREMENTOR 


The Byte Code Incrementor provides four of the five bits that make up the byte code. The 
byte code is loaded into Ranks 12 through 16 of the Serial Parallel Shifter and sent to the 
affected board before the exchange of each data byte during read/write operations. Byte 
Code Bits 0 and 1 indicate which maintenance register is to be accessed and Byte Code Bits 2 
through 4 indicate which byte location within that register is to be read/write next. 


The byte code is derived from Nanocode Bits 26 through 30. Nanocode Bit 26 (Byte Code 0) 
goes directly to Rank 16 of the Serial Shifter, while Nanocode Bits 27 through 30 (Byte Code 
Bits 1 through 4) are loaded into the Byte Code Incrementor when: 


e The nanocode address based on the second control word has replaced the starting 
nanocode address. At this point, Nanocode Bits 26 through 30 reflect the first byte 
location to be read/written in the selected register. This information goes to the 
board containing that portion of the register. Portions of a maintenance register 
may be on several boards. 


e A new nanocode address is going into effect. This occurs when the next byte 
location of the selected register is on a different board than the previous byte. 
At this point, Nanocode Bits 26 through 30 reflect the initial byte location to be 
read/written in that portion of the selected register. This information goes to the 
board containing that portion of the register. 


Between loadings, the Byte Code Incrementor increments the previously loaded Nanocode 

Bits 27 through 30 by one at each N2 Time. N2 Time occurs one clock period before the start 
of the next serial transfer of a data byte. This incremented value causes the selected 
board to read from or write into the next succeeding byte location. 


SERIAL/PARALLEL SHIFTER 


The Serial/Parallel Shifter serializes the data bytes being passed to the selected board 
during a write and converts the serial data bytes from the selected board into parallel bits 
during a read. In addition, during either a read or write, the Serial/Parallel Shifter 
loads and serializes the byte code that goes to the selected board before each byte is 
read/written. 


The loading of Byte Code Bits 0 through 4 into Ranks 12 through 16 and the loading of the 
set Load Byte Code Bit into Rank 11 occurs on the clock pulse following the activation of 
the signal Load Bit-Serial Register (N4 Time). Each clock pulse following this loading 
shifts one bit from the Serial/Parallel Shifter onto the Bit-Serial Data Out line in 
ascending order. Once the set Load Byte Code bit propagates from the Serial/Parallel 
Shifter, the signal Read Bit-Serial blocks any further propagation if the operation is a 
read. 
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If a write is occurring, the bits of the data byte to be written and its parity bit 
propagate from the Serial/Parallel Shifter immediately after the set Load Byte Code pie a 
a write operation, a data byte and parity bit are loaded into the Serial/Parallel Shifter in 
parallel with the associated byte code. In addition, a set load data bit is loaded into 
Rank 1. This bit and the set Load Byte Code bit (loaded at Rank 11) verify the byte and 
byte code that the selected board is to load. 


If a pause indication is received from the JC board, the loading and shifting of the 
Serial/Parallel Shifter is disabled and the read/write operation is halted. Such a pause is 
used to match the slot time of a PP with the reading of its A, P, Q, and K registers. 


After shifting out a byte code for a read, the Serial/Parallel Shifter receives the 
requested data byte in serial form on the Bit-Serial Data In line. These serial bits enter 
at Rank 1 and propagate into Ranks 2 through 10 (Rank 2 contains parity bit). The contents 
of these ranks are then gated by the Data Mux (MAC 3.7C) and latched into the Channel 1/0 
Register (MAC 3.7F). The timing for the assembly of the serial data byte and its latching 
is provided by the Bit Serial Control circuits and MAC Timing Control (MAC 3.5A). 


BIT-SERIAL CONTROL 


These circuits provide timing and control for the data transfers that occur between the MAC 
and an selected board during read/write operations. The overall timing for read/write 
operations is handled by the MAC Timing Control circuits (MAC 3.5A). 


The control signals generated by the Bit-Serial Control circuits include: 


e End Bit Serial Transfer - Indicates to MAC Timing Control that a byte of serial data 
has been transferred from/to the selected board. This enables N6 and N7 Times to 
occur in succession. At N6 Time, the Channel 1/0 Register latches the byte from the 
selected board if a read is occurring. At N/ Time, the MAC assumes a ready 
condition for either transferring the byte read to the connected unit or for 
receiving another byte to be written from the connected unit. 


e Load - Causes the selected board to latch the serial bits being sent by the MAC. 
The bits being sent may be a byte code or a data byte to be written into the 


selected register. 


e Read - Instructs the selected board to read the register data in the byte location 
specified by the byte code and send the data to the MAC. 


e Read Bit-Serial - Blocks propagation from the Serial/Parallel Shifter after the byte 
code for a data byte to be read has propagated from the shifter. 
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The timing cycle of the Bit-Serial Control circuits for the read/write of a data byte is as 4. If a read is to be performed, the Read Bit-Serial signal is generated one clock 


follows: period after the Read signal has gone active. 
1. The signal Start Bit-Serial Transfer from MAC Timing Control going active at N3 Time 5. If a write is to be performed, the Load signal is enabled again at a clock period 
enables the Bit-Serial Control Counter to increment by one on each succeeding after the count of Djg, At the time of this Load signal, the set load data bit 
clock. The first increment changes the count from Fy¢ to 0. The counter contains for the byte to be written will be propagating from the shifter. 


a loaded F value at the end of each serial transfer of a data byte. 
6. When the count reaches F, the signal End Bit-Serial Transfer is generated to end the 


2. When the count reaches 3, the Load signal is enabled on the next clock. On the next cycle. 
clock, Byte Code Bit 4 for the read/write will be propagating from the 
Serial/Parallel Shifter. If a pause indication is received from a JC board, the counter halts until the pause 


indication clears. 
3. If a read is to be performed, the Read signal is enabled a clock period after the 
count of 4. Upon the setting of the Read signal, the set Load Byte Code bit will be If a parity error is encountered on a data byte to be written, its load is inhibited. 
propagating from the shifter. 
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BIT SERIAL PAK AND INPUT SELECTOR (JQ) (MAC 3.9) 


The Bit-Serial Pak Selector circuits route the serial output bits from the Serial/Parallel 
Shifter onto the serial interface line specified by Nanocode Bits 10 through 14. Nanocode 


Bits 10 through 14 carry a value that selects the appropriate serial interface line for the 
Only one serial interface line may be selected 
Table 3A-5 lists the selection values for the available serial interface 


register byte that is to be read or written. 


at a given time. 
lines. 
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Table 34-5. Serial Interface Line Selection 


Nanocode Bits 10-14 (Hex) 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 


Serial Interface Line 


Not used 
Not used 


JU 
JS 
JT 
JS 
JM 
JT 
JL 
JL 
JL 
JL 
JL 
JL 
JL 
JL 
JL 
JL 
JL 
JL 
ISI 
ISI 
ISI 
IsI 
ISI 
Ist 
IS! 
ISI 
ISI 
ISI 


at 
at 
at 
at 
at 
at 
at 
at 
at 
at 
at 
at 
at 
at 


10 
ll 


A09 
A20 
A21] 
D27 
BOl 
D28 
B21 
B20 
B19 
B18 
Bl? 
B16 
BO/ 
B06 
BO5 
B04 
BO3 
BO2 


JU at AlO 
Jc at All 


The serial output routed by the Bit~-Serial Pak Selector circuits include byte code bits and 
if a write operation is occurring, the data bytes to be written into the selected register. 
A byte code consisting of five coded bits and a set load flag bit are sent over the selected 
serial interface line before the transfer of each data byte. The byte code indicates which 
register and byte location is to be read/written next. If a write operation is being done 
the byte to be written immediately follows the associated byte code. For each byte code or 
byte sent, the Bit-Serial Control circuits (MAC 3.8C) issue a Load signal that causes the 
board on the selected line to latch the line’s contents. 


INPUT SELECTOR 


The Input Selector circuits perform the same function for serial input as the Bit-Serial Pak 
Selection circuits perform for serial output. The board on the selected serial line sends 
the register data from the specified byte location when the Bit-Serial Control circuits 
issue a Read signal. The Input Selector circuits pass the data received to the 
Serial/Parallel Shifter for assembly into parallel bytes. 


If an attempt is made to read from a nonexistent CIO register, the nanocode generates the 
Block Read signal to avoid invalid parity errors from occurring. 
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ERROR DETECTOR, MCH CONTROL, TIMEOUT COUNTER (JQ) (MAC 3.10) 


ERROR DETECTOR 


¢ 


These circuits monitor MAC operations for errors. The type errors checked for include: 


e Parity error on serial data read from a maintenance register (N7 Time, Bit Serial PE 
at N7, and Bit Serial signals active). 


® Parity error on a function word received from a PP or from the TPM (Any Function and 
Channel PE signals inactive). This does not include a channel 17 parity error, 
which is reported separately. 


e Parity error on a data byte received from a PP or the TPM (MCH Ready delayed and 
Channel PE active and Channel 17 PE signals inactive). This also does not include a 
channel 17 parity error. 


e Parity error on the nanocode in effect (Nanocode PE and N2 Time signals active). 


e Parity error on a data byte that the MAC is to send to a PP or the TPM (PE Read and 
Check Read signals active). 


e  RI/MCH Error that includes all the preceding mentioned errors when the MAC is 
operating with a PP plus an Error In from the HR/JR board. The HR/JR board 
generates the Error In signal when a parity error occurs on data going to a PP via 
RI 1, 2, or 3. 


CHANNEL COMMUNICATIONS CONTROLS 


This circuit controls the MAC Ready signal. The MAC Ready signal is generated prior to each 
I/O transfer between the MAC and a PP or the TPM. The signal indicates that the MAC is 
ready for the transfer. The conditions that generate MAC Ready may be either of the 
following: 


e At the start of a read, write, or echo operation, when the connected unit is about 
to send the first or second control word. 


e At N7 Time of a read, write, echo, or request summary status operation, when 
Nanocode Bit 32 (Ready to MCH) is set. 
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INVERT AND RESYNCHRONIZE CONTROL 


These circuits gate the proper set of ready, inactive, and error indications for the I/0 
taking place. When a unit is connected to the MAC, these indications originate from the 
MAC. When a unit is connected to RI 1, 2, or 3, these indications originate from the 
HR/JR board. 


MCH CONTROL 


The MCH Control circuits control the MAC interface signals sent to channel 17 during 
operations with a PP. These interface signals are: 


@ MAC Full ~ Generated when the MAC has a byte of data for the connected PP. 


e MAC Empty - Generated when the MAC is ready to receive a data byte or control word 
from the connected PP. 


@ MAC Inactive - Generated following the receipt of a function word or when a timeout 
occurs. 


TIMEOUT COUNTER 


The Timeout Counter terminates an I/O transfer on channel 17 if the MAC or selected 
mainframe element on a radial interface fails to respond to I/O activity. The counter has a 
100 millisecond counting cycle that starts when an active, empty, or full indication is 
received over channel 17. The counter then increments until a full or empty response is 
returned over channel 17. If no response occurs, the counting cycle completes and the 


Timeout signal is generated. This terminates the transfer and frees the PP that had been 
connected. 
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DMA ENHANCED C170 CHANNEL ADAPTER (DMA-170 0.0) 


ADAPTER OVERVIEW 


The DMA-Enhanced CYBER 170 Channel Adapter (170 adapter) can be installed in any of ten 
channel locations in the CIO cabinet. This option provides an interface between a CIO PP 
and a standard 170 channel. In addition to the standard 170 protocol, this adapter supports 
the fast-transfer capabilities of the Extended Semiconductor Memory (ESM) II low-speed 

port. A PP controls the adapter by issuing functions and sending data using standard PP 1/0 
instructions. 


The adapter enables the PP to transfer data between the external device and PPM using 
standard I/O instructions. In addition, the adapter may transfer data between the external 
device and CM. This data flow is called DMA. The PP operates concurrently with the adapter 
during DMA data transfers. This allows the PP more time to process I/O requests from the 
CPU. The primary purpose of the adapter is to allow DMA transfers between a buffer residing 
in scattered pages of CM and an external device. 


An 1/0 request consists of a list of commands. This list contains control information for 
the external device and data transfer length/address pairs for the adapter. These 
length/address pairs define the RMA (word boundary) and length (bytes) in the CM buffer, 
Due to the physical sectoring of some external devices, the PP separates single 
length/address pairs into multiple pairs. This forces a transfer to end on a physical 
boundary. For disk I/0 devices, the PP adds control words to the beginning of each sector. 


FUNCTION REGISTER AND DECODE PROMs 


The adapter monitors the most significant bit of the 16-bit function word from the PP. If 
bit 48 is a one, the function word is an adapter function. If zero, the lower 12 bits of 
the function word go to the external device. The adapter translates the function word to 
determine the specified operation. Adapter function codes are in the following listing and 
described in the following paragraphs. 


Code (Hex)t Function 
8000 Master Clear 
8200 Clear T 
84XX Start DMA Input 
86XX Start DMA Output 
8800 Clear DMA Mode 
8Cc00 Disable Test Mode 
8E00 Enable Test Mode 
9000 Read Control Register 
9200 Write Control Register 
9400 Read Error Status Register 
9800 Read Operational Status Register : 
9Cc00 Read T 
9E00 Write T Prime (T”) 


tXX specifies PP word count. 
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Function codes 8AXX, 96XX, and 9AXX are not used. If these codes are received, the adapter 
remains active and full. The adapter responds with an inactive status only when a used 


function is received. 


MASTER CLEAR (8000) 


This function clears the Control, Error Status, and T Registers. The adapter goes inactive 
and empty with the channel and error flags cleared. Also, DMA mode clears and a 
l-microsecond master clear pulse goes to the external device. 


CLEAR T (8200) 


This function clears the T Registers, DMA mode, and all DMA buffers and holding registers. 
An inactive out signal is not sent to the external device when DMA mode clears. 


START DMA INPUT/OUTPUT (84XX/86XX) 

These functions initiate DMA transfers. The start DMA input function transfers data from 
the external device to CM. The start DMA output function transfers data from CM to the 
external device. Bit 55 of the function word (set) enables the transfer between CM and 


ESM-II in fast transfer mode. Bits 56 through 63 specify the number of words the PP may 
transfer before going into DMA mode. After receiving these functions, the adapter performs 


the following tasks. 
1. Sends an active out signal to the external device. 
2. Clears DMA mode (if previously set). 
3. Loads bits 56 through 63 into the PP Word Counter. 


The DMA transfer starts when the PP word count is zero and the T Register byte count is 
greater than zero. 


CLEAR DMA MODE (8800) 


This function terminates DMA mode. If a transfer is in progress, it stops and cannot be 
restarted. The adapter sends an inactive out signal to the external device indicating the 


end of a transfer. 


DISABLE TEST MODE (8C00) 


This function clears test mode and DMA mode. The adapter returns to the normal state. 
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ENABLE TEST MODE (8E00) 
This function enables three separate testing options. 
1. If the adapter is not in DMA mode, PP output data feeds back through Adapter Output 
Register Rank I, Transmit Register, Deskew Register, Input Resynchronize Buffer, and 
Adapter Input Register Rank II where it is available to the PP. 


2. If the adapter is in DMA input mode, PP output data is assembled and written into CM. 


3. If the adapter is in DMA output mode, CM data is disassembled into Adapter Input 
Register Rank II where it is available to the PP. 


READ CONTROL REGISTER (9000) 


This function enables the PP to read the Control Register. After the PP sends this function 
and an activate, the adapter responds with an input register full and the contents of the 
Control Register. 


WRITE CONTROL REGISTER (9200) 


This function enables the PP to write to the Control Register. After the PP sends this 
function and an activate, the adapter accepts the following output data as Control Register 
write data. 


READ ERROR STATUS REGISTER (9400) 


This function enables the PP to read the Error Status Register. After the PP sends this 
function and an activate, the adapter responds with an input register full and the contents 
of the Error Status Register. This function clears the Error Status Register and the error 
flag. 
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READ OPERATIONAL STATUS REGISTER (9800) 
This function enables the PP to read the Operational Status Register. After the PP sends 


this function and an activate, the adapter responds with an input register full and the 
contents of the Operational Status Register. 


READ T (9C00) 


This function enables the PP to read the T Register. After the PP sends this function and 


an activate, the adapter sends three 16-bit words which contain the current contents of the 
T Register in the following order. 


1. Byte count bits O through 15 
2. CM address bits 36 through 51 


3. CM address bits 52 through 63 


WRITE T PRIME (9500) 


This function enables the PP to write to the T Prime Register. After the PP sends this 
function and an activate, the adapter accepts the next three 16-bit words as T Prime 
Register write data in the following order. 

1. Byte count bits 0 through 15 

2. CM address bits 36 through 51 

3. CM address bits 52 through 63 


If the PP sends more than three words, the fourth word remains in Adapter Input Register 
Rank II and the full flag remains set. 
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CONTROL REGISTER : 


The Control Register selects the different operating modes for the adapter. The PP reads or 
writes this register using the 9000 or 9200 function, respectively. A master clear function 
(8000), power-on master clear, or channel master clear through the Input/Output Unit (1I0U) 
Maintenance Access Control (MAC) clears this register. 


Control register bit assignments and descriptions are as follows: 


Bit Description 

48 Enable Cache Invalidate 

49 Not Used 

50 60-Bit Mode 

51 Enable Test Clock 

52 Disable External Clock 

53 Block Full Out 

54 Enable Overflow 

55 Disable Error Register Clear 
56 Enable Force Error Codes 


57-58 Not Used 
59-63 Force Error Codes 


ENABLE CACHE INVALIDATE (BIT 48) 


This bit enables a cache invalidate signal with every fourth and last word written to CM 
during a DMA transfer. 


60-BIT MODE (BIT 50) 


When set, this bit allows DMA data transfers between 12-bit channel words and 60-bit CM 
words. When clear, this bit allows transfers between 12-bit channel words and 64-bit CM 
words. 


ENABLE TEST CLOCK (BIT 51) 


This bit enables the generation of a 10-MHz clock which simulates the external clock from 
the ESM-II. This allows the testing of fast transfers. Setting or clearing this bit causes 
a clock fault in the Error Status Register. 


DISABLE EXTERNAL CLOCK (BIT 52) 


This bit disables the test clock or the external clock from the ESM-II. This bit allows 
testing of the adapter in a synchronous state when the external device is an ESM-II. 
Setting this bit causes a clock fault in the Error Status Register if an external clock is 
present. : 
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BLOCK FULL OUT (BIT 53) 


This bit prevents sending full out signals to the external device. If this bit is set 
during a DMA output transfer, output data backs up in the Disassembly Buffer. This allows 
checking the output data path. 


far 


ENABLE OVERFLOW (BIT 54) 


When in test mode, this bit enables testing the Input Resynchronize Buffer overflow 
detection network. An overflow error occurs if the PP outputs more than 10 words. 


DISABLE ERROR REGISTER CLEAR (BIT 55) 


This bit disables clearing the Error Status Register during a PP test and clear channel c 
error flag set (SFM) or clear (CFM) instruction. After this bit is set, the Error Status 
Register is cleared only by a read error status register function, a master clear function, 


or a channel master clear through the IOU MAC. 


ENABLE FORCE ERROR CODES (BIT 56) 


This bit enables the decoding of Control Register bits 59 through 63. 


FORCE ERROR CODES (BITS 59-63) 


When bit 56 is set, these bits are decoded to enable testing of the parity networks. 
Hexadecimal codes 01, 02, 04 through 06, 10 through 13, and 20 through 26 are described in 


the following paragraphs. 


Invert PROM Parity (01) 


This code inverts the parity bit for the Function Decode PROMs. The KX error sets in the 
Error Status Register along with the KX board LED. 


Invert Input Data Parity (02) 


With this code and the adapter full, the KX error sets in the Error Status Register along 
with the KX board LED. If the PP inputs data, bad parity returns to the barrel and slot. 
This causes a conversion error on the JW board (bit 44 of fault status I). The JW board LED 


lights and an error bit sets in fault status I for the PP inputting the data. 


Force Invalid Response (04) 


This code causes an illegal translation of the CM response code during an actual CM 
reference. The invalid response bit sets in the Error Status Register. 
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Invert Response Code Parity (05) 


This code inverts the parity bit of the CM response code at the parity checker during an 
actual CM reference. The KX error sets in the Error Status Register and the KX board LED 
lights. 


Invert Control Register Parity (06) 


This code inverts the parity bit of the Control Register at the parity checker. The KX 
error sets in the Error Status Register and the KX board LED lights. 


Invert Shifter Parity (10) 


This code inverts the parity bit of the 12/16 Conversion Shifter at the parity generator 
during a DMA input or output transfer. The 12/16 conversion error and KZ error set in the 
Error Status Register and the KZ board LED lights. 


Invert Conversion Parity (11) 


This code inverts the parity bit of the conversion data at the parity checker during a DMA 
input or output transfer. The 12/16 conversion error and KZ error set in the Error Status 
Register and the KZ board LED lights. 


Invert Transmit Register Parity (12) 


This code inverts the parity bit of the Transmit Register at the parity checker during a DMA 
output transfer. The KZ error sets in the Error Status Register and the KZ board LED 
lights. If not in test mode, bad parity goes to the external device. If in test mode, 
input data error sets in the Error Status Register. 


Invert Input Parity (13) 


This code inverts the parity bit of the input data at the parity checker during a DMA input 
transfer. The KZ error and input data error set in the Error Status Register and the Kz 
board LED lights. 


60463540 C 


Force Channel Input Parity 0,1 (20/21) 


These codes force the parity bit low for bits 48 through 55 (parity 0) and bits 56 through 
63 (parity 1) as DMA input data enters the Assembly Buffer. When the 64-bit CM word leaves 
the buffer, a parity error is detected. The JY error and assembly/disassembly data error 
set in the Error Status Register and the JY board LED lights. 


Force T Parity Low (22) 


This code forces the parity bit low for T Register data as it enters the T Prime Register. 
When T-prime data transfers to the T Register, a parity error is detected. The JY error 
sets in the Error Status Register and the JY board LED lights. This error inhibits CM 
requests until the adapter is master cleared or a clear T function is issued by the PP. 


Invert Output Parity Upper/Lower (23/24) 


These codes invert the parity bit for bits 48 through 55 (upper) and bits 56 through 63 
(lower) as DMA output data leaves the Disassembly Buffer. The JY error, KZ error, and 


assembly/disassembly data error set in the Error Status Register and the JY and KZ board 
LEDs light. 


Force Address Parity Prediction Error (25) 


This code forces the RMA parity predictor to predict the parity bit will change state on 


every CM reference. A parity prediction error causes the JY error to set in the Error 
Status Register and the JY board LED lights. This error inhibits CM requests until the 
adapter is master cleared or a clear T function is issued by the PP. 


Force Byte Count Equal to Zero (26) 


This code forces the CM request counter to report an error after 16 CM requests are issued. 
This condition stimulates the constant CM request counter. The JY error sets in the Error 
Status Register and the JY board LED lights. This error inhibits CM requests until the 
adapter is master cleared or a clear T function is issued by the PP. 
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OPERATIONAL STATUS REGISTER 
This read-only register provides information regarding the state of the adapter and 170 
channel during DMA transfers, The PP reads this register using the 9800 function. This 


status allows the PP to control the operation of the adapter, 


Operational status register bit assignments and descriptions are as follows: 


Bit Description 

48-51 Zero 

By Output Buffer Full 

53 Input Buffer Full 

54 Data Available to Channel 
55 Fast Transfer 

56 External Clock Present 

57 Test Mode 

58 PP Word Count Equal to Zero 
59 DMA Output 

60 DMA Input 

61 DMA Halted 

62 T Register Empty 

63 Transfer in Progress 


OUTPUT BUFFER FULL (BIT 52) 


This bit indicates the Output Resynchronize Buffer contains four 12-bit channel words. 


INPUT BUFFER FULL (BIT 53) 


This bit indicates the Input Resynchronize Buffer contains eight 12-bit channel words. 


DATA AVAILABLE TO CHANNEL (BIT 54) 


This bit indicates the Input Resynchronize Buffer contains at least one 12-bit channel word. 


FAST TRANSFER (BIT 55) 


This bit indicates the adapter is in DMA mode with fast transfers enabled, 


EXTERNAL CLOCK PRESENT (BIT 56) 


This bit indicates the adapter is receiving a clock from ESM-II. This clock must be present 
before fast transfers are executed. 


60463540 C 


TEST MODE (BIT 57) 


This bit indicates the adapter is in test mode which allows checking all internal data paths 
and associated control circuits. The PP puts the adapter in test mode using the 8E00 
function. The adapter remains in test mode until the PP issues a disable test mode function 
(8C00) or a master clear function (8000), or the IOU MAC sends a master clear. 


PP WORD COUNT EQUAL TO ZERO (BIT 58) 


This bit indicates the PP Word Counter has decremented to ZeLO. The PP Word Counter is 
loaded from the least significant eight bits of the start DMA functions (84XX or 86XX) and 


is decremented by one for each word transferred. 


DMA OUTPUT (BIT 59) 


This bit indicates the adapter is attempting a DMA output transfer. The transfer occurs if 
the T Register byte count is nonzero and DMA halted (bit 61) is not present. This bit sets 
when a start DMA output function (86XX) is issued and the PP word count is zero. This bit 
clears when any of the following conditions occur. 


Master clear function (8000) 
Clear T function (8200) 

Start DMA input function (84XX) 
Clear DMA mode function (8800) 
Disable test mode function (8C00) 
Master clear from LOU MAC 


Power-on master clear 


DMA INPUT (BIT 60) 


This bit indicates the adapter is attempting a DMA input transfer. The transfer occurs if 
the T Register byte count is nonzero and DMA halted (bit 61) is not present. This bit sets 


when a start DMA input function (84XX) is issued and the PP word count is zero. 


This bit 


clears when any of the following conditions occur. 


Master clear function (8800) 
Clear T function (8200) 

Start DMA output function (86XX) 
Clear DMA mode function (8800) 
Disable test mode function (8C00) 
Master clear from IOU MAC 


Power-on master clear 
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DMA HALTED (BIT 61) 


This bit indicates the external device sent an inactivate signal to the adapter during a DMA 
transfer. 


If this condition occurs during a DMA output transfer, the data transfer to the external 
device is terminated. If the transfer is incomplete (byte count nonzero), the PP must issue 
a clear T function (8200) or a master clear function (8000) before starting a new transfer. 


If this condition occurs during a DMA input transfer, the data transfer from the external 
device is terminated. All data in the Input Resynchronize Buffer is written into CM. If 
the transfer is incomplete (byte count nonzero), the PP must issue a clear T function (8200) 
or a master clear function (8000) before starting a new transfer. 


T REGISTER EMPTY (BIT 62) 


This bit indicates the T Prime Register is empty. The PP can now issue a write T function 
(9E00) which writes the T Prime Register. 


TRANSFER IN PROGRESS (BIT 63) 


This bit indicates the adapter issued a request to CM or the external device and has not 
received a response. In DMA mode, this bit is set during the entire transfer, provided the 
T Register is nonzero and all outstanding requests have not been honored. 


ERROR STATUS REGISTER 


This read-only register monitors the adapter’s error checking circuits to determine if any 
hardware errors have occurred. The PP uses this error status for fault isolation and to 
determine the validity of a transfer. All error bits are ORed to form the adapter”s error 
flag. 


The Error Status Register and error flag are cleared differently in native 170 mode and 
enhanced mode. In native 170 mode with Control Register bit 55 clear, the Error Status 
Register and error flag are cleared when the PP executes a test and clear channel e¢ error 
flag set (SFM) or clear (CFM) instruction. This allows the error flag to operate the same 
as for non-DMA 170 channels. In the enhanced mode with Control Register bit 55 set, the 
Error Status Register and error flag are not cleared by the SFM and CFM instructions. This 
allows the PP to use the SFM ad CFM instructions to determine if an error exists. Then the 
PP uses the read error status register function (9400) to determine the specific error and 
isolation information. In both modes, the Error Status Register and error flag are cleared 
by: 


e Read error status register function (9400) 
e Master clear function (8000) 


e Master clear from IOU MAC 
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Error status register bit assignments and descriptions are as follows: 


Bit Description 
48-49 Zero 
50 Uncorrectable CM Error 
51 CM Reject 
52 Invalid Response 
33 Any Response Code Parity Error 
54 CMI Read Data Parity Error 
55 Clock Fault 
56 Overflow Error 
57 Input Data Error 
58 12/16 Conversion Error 
59 A/D Data Error 
60 BAS Parity Error 
61 KZ Error 
62 JY Error 
63 KX Error 


UNCORRECTABLE CM ERROR (BIT 50) 


This bit indicates an uncorrectable error response was received from the 
Central Memory Interface (CMI). 


CM REJECT (BIT 51) 


This bit indicates a reject response was received from CMI. 


INVALID RESPONSE (BIT 52) 


This bit indicates the response code received from CMI decoded into an illegal 
value. 


ANY RESPONSE CODE PARITY ERROR (BIT 53) 
This bit indicates a parity error was detected on the CM response code. If KX 


error (bit 63) is set, the parity error was detected on the KX board; if not 
set, the error was detected in CMI. 


CMI READ DATA PARITY ERROR (BIT 54) 


This bit indicates the CMI detected a read data parity error during a DMA 
output transfer. 
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CLOCK FAULT (BIT 55) 


This bit indicates a change was detected in the external clock. If this occurs during a DMA 


transfer, the adapter must be master cleared. 


OVERFLOW ERROR (BIT 56) 


This bit indicates data was received after the Input Resynchronize Buffer was full. The 
first word written into the buffer is overwritten by the last word received. 


INPUT DATA ERROR (BIT 57) 
This bit indicates a parity error was detected 


external device (normal DMA input transfer) or 
mode). 


12/16 CONVERSION ERROR (BIT 58) 


This bit indicates a parity error was detected 
61) also sets. 


A/D DATA ERROR (BIT 59) 


This bit indicates a parity error was detected 
JY error (bit 62) also sets. 


BAS PARITY ERROR (BIT 60) 


This bit indicates a parity error was detected 
the PP. The KX error (bit 63) also sets. 


KZ ERROR (BIT 61) 


on the input data. The data is from the 
the Adapter Output Register Rank I (test 


in the Conversion Network. The KZ error (bit 


during assembly/disassembly of CM data. The 


in the output or function word received from 


This bit indicates the KZ board detected one of the following errors. 


e Input data parity error 
e Output data parity error 


e 12/16 Conversion Shifter error 


e Input Resynchronize Buffer overflow error 
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JY ERROR (BIT 62) 


This bit indicates the JY board detected an error. If bit 59 is also set, the error was 
during assembly/disassembly and the transfer continues. If bit 59 is not set, one of the 
following errors occurred. 


e RMA parity predictor error 
e T Register byte count parity error 
e Constant CM request error 


These errors inhibit CM requests until the PP issues a clear T function or the adapter is 
master cleared. 


KX ERROR (BIT 63) 
This body indicates the KX board detected one of the following errors. 
e Control Register parity error 
e Adapter Output Register Rank I parity error 
e Adapter Input Register Rank II parity error 
e Function Decode PROM parity error 


e KX response code parity error 
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MAC INTERFACE 


Any PP can read certain registers in the adapter by doing a maintenance register read of the 
For example, if the adapter is installed in CIO 

If installed in 
This continues through channel location 11 (octal) 
The format for the adapter“s channel status is shown in the 


appropriate channel status register. 
channel location 0, the PP does a maintenance register read on register BO. 


location 1, the read is on register Bl. 
with the read on register B9. 


following listing. 


Byte 
0 
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Description 


Error Status Register Bits 50-55 


Description 


Zero 

Zero 

Uncorrected CM Error 
CM Reject 


Invalid Response 


Any Response Code Parity Error 


CMI Read Data Parity Error 
Clock Fault 


Error Status Register Bits 56-63 


Bit 


Description 


Overflow Error 

Input Data Error 

12/16 Conversion Error 
A/D Data Error 

BAS Parity Error 

KZ Board Error 

JY Board Error 

KX Board Error 


PP Word Counter Bits 56-63 (Bits 16-23) 


Operational Status Register Bits 52-55 


Bit 


Description 


Zero 

Zero 

Zero 

Zero 

Output Buffer Full 

Input Buffer Full 

Data Available to Channel 
Fast Transfer 


Byte Description 

4 Operational Status Register Bits 56-63 
Bit Description 
32 External Clock Present 
33 Test Mode 
34 PP Word Count = 0 
35 DMA Output 
36 DMA Input 
37 DMA Halted 
38 T Register Empty 
39 Transfer in Progress 

5 Channel Flags 
Bit Description 
40 Zero 
4l Zero 
42 Full I 
43 Full II 
44 Active 
45 Full I or Full II 
46 Error Flag 
47 Channel Flag 

6 Control Register Bits 48-55 
Bit Description 
48 Enable Cache Invalidate 
49 Zero 
50 60-Bit Mode 
51 Enable Test Clock 
52 Disable External Clock 
53 Block Full Out 
54 Enable Overflow 
55 Disable Error Register Clear 

7 Control Register Bits 56-63 

Bit Description 
56 Enable Force Error Codes 
57 Zero 
58 Zero 
59 Force Error Code Bit 0 
60 Force Error Code Bit l 
61 Force Error Code Bit 2 
62 Force Error Code Bit 3 
63 Force Error Code Bit 4 
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DMA TRANSFERS 


The PP specifies a DMA transfer by sending the starting CM address and the byte count to the 
adapter. All DMA transfers start on a CM address and end on a 16-bit CM word parcel. If 
the transfer does not end on a CM word boundary, the word is filled with ones, 


The adapter holds the address and byte count in the T and T Prime Registers. DMA transfers 
execute from the T Register. T Prime is a shadow register which maintains the I/O transfer 
rate across discontinuous pages in CM. If the byte count in T decrements to zero and T 
Prime is empty, the DMA transfer is suspended until a new T value is available or the PP 
issues a clear DMA mode function. 


The PP initiates a DMA transfer by issuing a start DMA input or output function and ends the 


transfer with a clear DMA mode function. Before starting a DMA transfer, the PP prepares 
the external device. For example, the PP issues a read function to the external device 
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a 
before issuing a start DMA input function to the adapter. After receiving the start DMA 
function, the adapter sends an activate out signal to the external device to indicate the 
start of a transfer. After receiving the clear DMA mode function, the adapter sends an 
inactivate out signal to the external device to indicate the end of a transfer. 


By specifying the number of words to be transferred in the PP word count field of a start 
DMA function, the PP writes or reads data on the front end of a transfer. Each word 
transferred decrements the PP word count. When the count reaches zero, the DMA transfer 
starts. Uses of this feature include supplying header information for disk systems and 
addresses for ESM-II. 
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FAST DMA TRANSFERS 
The adapter supports the fast-transfer mode of the ESM-IT low-speed port. Fast transfers 
are in DMA mode and have a transfer rate of one 12-bit word every 100 nanoseconds (120 
million bits per second). An external clock from ESM-II enters the adapter to enable this 
fast transfer rate. Bit 55 of the start DMA input/output function enables fast transfers. 
External interface signals are the same as standard 170 channels except active in, empty in, 
and empty out. Active in receives the asynchronous 10-MHz clock from ESM-II. All 
input/output transmissions are synchronized to this clock. A switch in the ESM-II low-speed 
port enables this clock. Empty out controls inputs from ESM-II. If the adapter issues an 
empty out, ESM-II inhibits the next full in. Empty in controls outputs from the adapter. 
If ESM-II issues an empty in, the adapter inhibits the next full out. 
A typical sequence for executing a fast transfer is: 

1. Master clear adapter. 


2. Master clear ESM-II low-speed port. 


3. Function adapter to read Operational Status Register. Check for external clock 
present. 


4, Function adapter to write T Prime Register. 

5. Function ESM-II low-speed port to enable fast transfers. 

6. Function ESM-II low-speed port for a write operation. 

7. Function adapter to start DMA output bit 55 set, and PP Word Count equals two. 


8. Output two words from PP. This is the ESM-II address. DMA output transfer starts 
immediately after last word of address. 


9, Function adapter to read Operational Status Register. Wait for transfer to complete. 
10. Function adapter to clear DMA mode. 
11. Function ESM-II low-speed port to read status. 


12. Verify that transfer completed without errors. 
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For 60-bit CM, five 12-bit channel words map evenly into a CM word. 
most-significant bits (0 through 3) in the CM word are not used for reads and zeros for 


CHANNEL/CM DATA MAPPING 


The four 


writes. Fifteen channel words map into parcels 0 through 3 at three CM locations as shown 
in the following figure. 


For 64-bit CM, the 12-bit channel words do not map evenly into a CM word. 
locations are required for 16 channel words as shown in the following figure. 


0 


PARCEL 0 


15 


PARCEL 1 


31 


PARCEL 2 


47 


PARCEL 3 


63° 


Three CM 
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DATA PATHS 


The following paragraphs describe the adapter data paths for each of the transfers. 


PP TO T PRIME REGISTER 


The PP writes three words into the T Prime Register through Adapter Output Register Rank I 
and T Register Data In and Out. 


PP FROM T REGISTER 


The PP reads three words from the T Register through Adapter Input Register Rank II. 


PP TO FUNCTION REGISTER, CONTROL REGISTER, AND PP WORD COUNTER 


The PP writes these registers and counter through Adapter Output Register Rank I. 


PP FROM STATUS AND CONTROL REGISTERS 


The PP reads these registers through Adapter Input Register Rank II. 


INTER-PP TRANSFER 


Data passes from one PP to another PP through Adapter Output Register Rank I and Adapter 
Input Register Rank II. 


PP OUTPUT TRANSFER 
Data passes from the PP to the external device through Adapter Output Register Rank I and 


the Transmit Register. The data also enters rank II but is not used. Data remains in the 
Transmit Register until the external device sends an empty signal. 
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PP INPUT TRANSFER 


Data passes from the external device to the PP through the Deskew Register, Input 
Resynchronize Buffer, and Adapter Input Register Rank II. Up to eight words enter the 
buffer before input data stops. The adapter sends empty status to the external device until 
the buffer is full. When rank II accepts a word, the buffer accepts another word from the 


external device. 


DMA OUTPUT TRANSFER 


Data passes from CM to the external device as follows. 


1. 


2. 


cm 


CM sends a 64-bit word to the Disassembly Buffer. 
Disassembly Buffer separates the 64-bit word into four 16-bit parcels. 


Conversion Network converts the 16-bit CM parcels to 12-bit channel words. Residue 
of the four bits from the first parcel is held until the second parcel arrives. 
Residue from the first parcel and eight bits from the second parcel form the second 
channel word. This process continues until all CM data is exhausted. 


Conversion Network sends 12-bit channel words to the external device through the 
Output Resynchronize Buffer and Transmit Register. 


DMA INPUT TRANSFER 


Data passes from the external device to CM as follows. 


1. 


2 


External device sends 12-bit channel words to the Conversion Network through the 
Deskew Register and Input Resynchronize Buffer. 


Conversion Network converts 12-bit channel words to 16-bit CM parcels. The first 
channel word is held until the second word arrives to form the first CM parcel. 
Residue of the eight bits from the second word is held until the third word arrives 
to form the second CM parcel. This process continues until all channel data is 


exhausted. 
Conversion Network sends 16-bit CM parcels to the Assembly Buffer. 


Assembly Buffer combines four 16-bit CM parcels into a 64-bit word and sends it to 
CM. 
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TEST MODE 


The following paragraphs describe data paths and typical programming sequences for the 
adapter in test mode. 


PP TRANSFERS 


This test substitutes the PP for the external device during PP input and output transfers. 
Up to ten 12-bit words pass from the PP back to the PP through Adapter Output Register Rank 
I, Transmit Register, Deskew Register, Input Resynchronize Buffer, and Adapter Input 
Register Rank II. All ten words are held in the adapter before they return to the PP for 
compare testing. The eighth word in the Input Resynchronize Buffer is a duplicate of the 


Transmit Register contents. The programming sequence is: 
1. Function adapter to set test mode. 
2. Activate adapter. 
3. Output up to ten 12-bit words. 
4, Input data. 
5. Check adapter for errors. 
6. Compare data. 
7. Repeat output/input until all patterns are checked. 


8. Function adapter to clear test mode. 


DMA TRANSFERS 


This test substitutes the PP for the external device during the DMA input and output 
transfers. For DMA output transfers, data passes from CM to the PP through the Disassembly 


Buffer, Conversion Network, Output Resynchronize Buffer, Transmit Register, Deskew Register, 


Input Resynchronize Buffer, and Adapter Input Register Rank Il. If fast transfer is 
enabled, data backs up in the buffers because the PP is slower than the fast transfer. For 
DMA input transfers, data passes from the PP to (CM through Adapter Output Register Rank I, 
Transmit Register, Deskew Register, Input Resynchronize Buffer, Conversion Network, and 
Assembly Buffer. If fast transfer is enabled (Function Register bit 55 set), the enable 
test clock bit (Control Register bit 51) must be set. If the PP word count is zero, the 


programming sequence is: 
1. Function adapter to set test mode. 
2. Function adapter to write T Prime Register. 
3. Activate adapter. 
4. Output T values. 


5. Deactivate adapter. 
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13. 


Function adapter to start DMA output or input. 
Activate adapter. 

Output or input test data. 

Deactivate adapter. 

Function adapter to clear DMA mode. 

Function adapter to clear test mode. 

Check Error Registers. 


Check data. 


If the PP word count is nonzero, the adapter goes into the outstanding DMA mode. Meanwhile, 
the PP simulates a PP input or output transfer of up to ten 12-bit words. When the PP 


transfer completes, the PP word count decrements to zero. 


and starts the DMA transfer. The programming sequence is: 


Function adapter to set test mode. 
Function adapter to write T Prime Register. 
Activate adapter. 

Output T values. 

Deactivate adapter. 


Function adapter to start DMA output or input. PP word 
quantity of 12-bit words to be echoed back to PP before 


Activate adapter. 

Output up to ten 12-bit words. 

Input words from step 8. 

Check Error Register for PP transfers errors. 

Repeat steps 8 through 10 until PP word count is zero. 
Output or input test data. 

Deactivate adapter. 

Function adapter to clear DMA mode. 

Function adapter to clear test mode. 

Check Error Register for DMA transfer errors. 


Check data. 


The adapter goes into DMA mode 


count field contains 
DMA transfer starts. 
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BASC DATA INPUT/OUTPUT (DMA-170 1.0) 


This diagram shows the data paths between the adapter and the PP. Data from the PP enters REGISTER SELECT MUX 

Adapter Output Register Rank I. Data to the PP leaves from Adapter 1. This diagram also 

shows microcode control and adapter flags. This multiplexer selects the Control (1.1A), Error Status (1.2C), Operational Status sts 
or T Register (1.6B) contents for input to the PP. Selection of these internal functions is 

ADAPTER OUTPUT REGISTER RANK I based on Function Register Bits 52 and 53. 


All data from the PP to the adapter enters this register. Output data from this register 
goes to: 
ADAPTER INPUT REGISTER RANK IT 
e Function Register (1.1G) oe ee re tt ee ee 
This register sends data to the PP from the External Input Data Mux or the Register Select 


e Control Register (1.14) Mux. 


e PP Word Counter (1.1C) 


© T Prime Register (1.6B) ADAPTER INPUT PARITY CHECKER 

e Transmit Register (1.3F) This circuit checks parity on data in Adapter Input Register Rank II when the Jeg e 
full. After the parity is checked, this circuit regenerates parity for the 16-bit words 

e Adapter Input Register Rank II sent to the PP. 


This register also sends Function to the Transmit Register which sends Full Out (if data is 
being sent) or Function Out (if function is being sent) to the external device. 
MICROCODE DECODE 


This circuit decodes Microcode Bits 73 through 75 to determine which input/output 
ADAPTER OUTPUT PARITY CHECKER instruction is being executed by the PP. Microcode Bit 85 sets the Channel Flag. PPMC 
Channel Select enables the decode. 
This circuit checks parity on data received from the PP. BAS Parity Error indicates the 
error was detected when data was entering Adapter Output Register Rank I. Rank I Parity Decode Instruction 
Error indicates the error was detected after the register was loaded. After the parity is oe nae 


checked, this circuit regenerates parity for 12-bit channel words and 16-bit internal words. 0 Function 
| ] Activate 
2 Output 
3 Input 
T REGISTER DATA IN AND OUT 4 Inactivate 
5 Clear Error Flag 
This circuit sends the address and byte count to the T Prime Register. If T Register 6 Clear Channel Flag 
Read/Write Control (1.1J) sends both Clear T and Read T, this circuit sends zeros (parity is 7 Not Used 


a one) to the T Prime Register. ith 
Various adapter control signals enable the decodes. The rank designators associated wit : 
the output signals relate to PP slot times. Rank designators O and 4 do not relate to ranks 
I and Il which are for the adapter’s output and input registers. 

EXTERNAL INPUT DATA MUX 


This multiplexer selects input data from the external device or output data from Adapter 
Output Register Rank I for input to the PP. Enable KZ Data signifies that data is available 
from the external device. If this signal is absent, output data from rank II is selected. 
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CHANNEL FLAG AND ACTIVE FLAG 
The Channel Flag is a programmable flag used by the operating system. 
The Active Flag sets when the PP issues Activate or Function or the external device sends 


Active In during a PP transfer. This Flag clears when the PP issues Inactivate or the 
external device sends Inactive In during a PP transfer. 


ADAPTER FULL FLAGS 


This circuit controls data flow within the BASI. The following text describes the output 
signals. 


e Load Rank I - Enables data into Adapter Output Register Rank I. 
e Full I - Data is in Adapter Output Register Rank I. 


e Load Rank II - Enables data into Adapter Input Register Rank II. 
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Full II - Data is in Adapter Input Register Rank II. 
Data Out - Data for a PP output transfer is in rank I. 
Active and Empty - Rank II can accept data for a PP input transfer. 


Enable KZ Data - Enables data from external device into rank II during PP input 
transfer. 


Decrement PP Word Counter - External device has accepted word transmitted by adapter. 
Clear Full IIA - PP inputted data from rank II or master clear occurred. 
BASC Channel Full - Status to PP indicates rank I and/or rank II are full. 


Full I or Full II - Occurs during branch instruction and if ranks I and II are both 
full e 
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CONTROL REGISTER, FUNCTION DECODING, 


This diagram shows the data path from Adapter Output Register Rank I (1.0D) to the Function 
Register, PP Word Counter, and Control Register. The Operational Status Network is also 
shown. 


FUNCTION REGISTER 


In addition to the Function Register, this circuit contains two FFs which are used for 
internal functions. Output Data Bit 48 indicates the PP issued an internal function. 
Internal Function remains set for the entire function. Function In Progress sets when 
Internal Function sets, but clears when the function should terminate. For example, on a 
write T function, this FF clears after the third word is written. If a fourth word is 
input, the cleared FF disables writing into T. 


Function in 
The 


The Function Register holds seven bits of the Function Decode PROM Address. 
Progress is the eighth bit. Each PP instruction causes a change to the address. 
relationship between control signals and address bits is: 


Signal 


Function in 
Output Data 
Output Data 
Output Data Bit 53 

Output Data Bit 54 

Function Rank 0 

Output Rank 0 

Activate Rank 0 or Input Rank 0 


Progress 
Bit 51 
Bit 52 


od 


FUNCTION DECODE PROMS A THROUGH E 

These 4-bit, 256-location PROMs produce the control signals needed to execute the adapter’s 
functions. Each function changes the 8-bit address and, therefore, changes the state of the 
control signals. 


POWER ON MASTER CLEAR 


When power is applied to the adapter, the Function Register clears, This causes Function 


Decode PROM E to generate a Master Clear. 
T REGISTER READ/WRITE CONTROL 
This circuit controls the reading, writing, and clearing of the T Register (1.6). A 2-bit 


counter presets to 3 when the function is issued, and then increments to 0, 1, and 2. 
Count = 2 indicates the last word has been read or written. 
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OPERATIONAL STATUS (DMA-170 1.1) 


DMA CONTROL FF°S 


A start DMA input or output function sets the corresponding outstanding DMA input or output 
FF. If the PP word count is zero, the DMA input- or output-mode FF sets and the outstanding 
DMA FF clears. If the count is nonzero, the PP Word Counter decrements for every word taken 


from the channel until the count is zero. The DMA input- or output-mode FF clears when the 
transfer ends. 


Output Data Bit 55 indicates a fast DMA transfer is occurring. 
the PP Word Counter is loaded. 


Fast Transfer Mode sets when 


PP WORD COUNTER 
This counter decrements during DMA functions when the PP transfers a number of words before 


the DMA transfer begins. Output Data Bits 56 through 63 specify the number of words. The 
counter decrements every time a word transfers. 


OPERATIONAL STATUS NETWORK 


This register provides information regarding the state of the adapter during DMA transfers. 
All status bits are latched by Deadstart and unlatched by Master Clear. 


CONTROL REGISTER 


This register selects the different operating modes for the adapter. 
through 63 specify the operating modes. 


Output Data Bits 48 


FORCE ERROR DECODERS 


When Output Data Bit 56 is set, Bits 59 through 63 are decoded to enable testing the parity 
networks. 
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ERROR STATUS, MAC INTERFACE (DMA-170 1.2) 


This diagram shows error summing for the adapter and the interface to MAC. 


CM RESPONSE CODE TRANSLATOR 


This translator checks the response code from CM for errors. If any errors occurred, the 
appropriate signals go to the Error Status Register. 


CM FUNCTION CODE 


This circuit generates a function code for CM during DMA transfers. Only two functions are 
possible. They are CM read (DMA output) and CM write (DMA input). 


ERROR STATUS NETWORK 


This network monitors the parity checkers in BASI for errors. If an error occurs, an LED 
lights and the KX Error goes to the Error Status Register. This network also monitors EXTI 
(KZ board) and A/D (JY board) for errors. Any adapter error sets the appropriate Channel 
Error in the FS2 Register in MRB. 


ERROR STATUS REGISTER 


This register monitors the adapter’s error checking circuits. The PP uses this error status 


for fault isolation. Error Flag sets when one or more errors occur. This is the last 
register cleared by a master clear. 
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MAC INTERFACE MUX, MAC INTERFACE 


MAC reads the adapter”s status through the MAC Interface Mux and a shift register in the MAC 
Interface as follows. 


1. MAC sends 5-bit serial string to MAC Interface on MAC Data To line. 


2. Shift register in MAC Interface shifts 5-bit string into bit positions 60 through 
64. (Bits 60 and 61 are not used.) 


3. MAC Interface sends MAC Mux Select Bits 62 through 64 from shift register to MAC 
Interface Mux. 


4. MAC Interface Mux sends selected 8-bit status byte to MAC Interface. 
5. MAC Load from MRB loads entire status byte into shift register. 


6. Read from MRB enables serial status byte (shifted through shift register) to MAC on 
MAC Data From line. 


CHANNEL TYPE IDENTIFIER 


This circuit identifies what type of channel is installed. The channel type goes to the 
options installed register in MRA. : 


3B-20 


JG 


3 


JQ 
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DATA OUTPUT, 12/16 CONVERSION (DMA-170 1.3) 


This diagram shows the output control and data paths to the external device. The 12/16 
conversion network is shown here but is used for both DMA input and output transfers. 


OUTPUT CONTROL LOGIC 


This circuit controls the data flow from the adapter to the external device. The following 
text describe the output signals. 


e Busy - Controls data flow between the A/D and EXTI. 


e Send Data - Enables data from the Disassembly Buffer (1.5J) to the Output 
Resynchronize Buffer. 


e Full IIA - Indicates Transmit Register is full during PP output transfer. 


e Transmit - Sets when Transmit Register receives data and clears when the data goes 
to the external device. This pulse is triggered by an empty in from the external 
device. In fast transfer mode, this signal remains set until ESM-II sends an empty 
in to terminate the transfer. 


OUTPUT BUFFER ADDRESS COUNTERS 


These counters provide write and read addresses for the 4-word Output Resynchronize Buffer. 
The write address decrements when a word enters the buffer. The read address decrements 
when a word leaves the buffer. 


OUTPUT RESYNCHRONIZE NETWORK 


This network determines whether the Output Resynchronize Buffer contains valid data. Each 
buffer location has a buffer full register located in this network. If the write address 
points to a location that is already full, Output Buffer Full disables Send Data which 
disables writing the buffer. If the read address points to a location that is not full, the 
absence of Stage Full disables Transmit which disables the Transmit Register. If full, the 
Transmit Register sends the word to the external device and the buffer full register 

clears. Each buffer full register has a delayed output which is used for resynchronization. 


OUTPUT RESYNCHRONIZE BUFFER 


This 4-word RAM receives 12-bit Conversion Data from the 12/16 Conversion Shifter. This 
buffer sends the data to the external device through the Transmit Register. 
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TRANSMIT REGISTER 


This register is a pass on for DMA output transfers. For PP output transfers, Data Out 
loads data from Adapter Output Register Rank I (1.0D) into the Transmit Register. 


TRANSMIT ENABLES 


This circuit provides the proper pulse width for data transmission, 


EMPTY, ACTIVE, INACTIVE OUTPUT NETWORKS 
a an a ne ET, 


If the adapter is in fast transfer mode, this network sends Empty Out to the external device 
when the input buffer is half full. When not in fast transfer mode, this network sends 
Empty Out when the external device sends Full In and the input buffer is not full. Active 
Out and Inactive Out pass through a resynchronization network before being sent to the 
external device. 


12/16 CONVERTER INPUT 


This circuit selects DMA Output Data or Input Data for conversion. The R Register holds the 


. remainder (or residue) from a word until the next word arrives. A parity generator produces 


a parity bit for each 4-bit parcel in the R Register. 


12/16 CONVERSION SHIFTER 
This macrocell converts 12-bit channel words to 16-bit CM parcels (DMA input) or 16-bit 


parcels to 12-bit words (DMA output). DMA input data goes to the Assembly Buffer (1.5C). 
DMA output data goes to the Output Resynchronize Buffer. 


12/16 PARCEL COUNTER 


This counter controls the 12/16 Conversion Shifter by counting 4-bit parcels. It counts 
from 0 through 4 (60-bit mode) or 1 through 4 (64-bit mode). This determines where the 
conversion is in its cycle. 


DATA ACCEPT NETWORK 


This network controls input data flow from the external device. It determines when a valid 
channel word is in the Input Resynchronize Buffer. 
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DATA INPUT, ERROR SUMMING, CLOCK FORMATION (DMA-170 1.4) 


This diagram shows the input control and data paths from the external device. The error 
summing, end transfer, and clock formation networks are also shown. 


INPUT BUFFER WRITE, READ CONTROL 


These circuits contain the write and read address counters for the 8-word Input 
Resynchronize Buffer. When data goes into the buffer, the write address counter 
decrements. When data goes out of the buffer, the read address counter decrements. The 
read address follows the write address but cannot overrun it. Master clear initially sets 
the counters to 7. The counters then decrement circularly from 7 to 0. 


Input Buffer Write Control contains a full register for each buffer location. This register 
determines whether the associated location contains valid data. If the write address points 
to a location that is already full, an Overflow Error occurs. When a word is read from the 


buffer, the corresponding buffer full register is cleared. Each buffer full register has a 
delayed output which is used for resynchronization. 


INPUT RECEIVERS AND DESKEW REGISTER 
This circuit selects one of two paths for the Input Resynchronize Buffer. The normal path 


is Data In from the external device. In test mode, the Data Out path from the Transmit 
Register (1.3F) is selected. The Deskew Register lines up the bits. 


INPUT RESYNCHRONIZE BUFFER 
This 8-word PROM receives data from the external device or from the Transmit Register during 


test mode. The buffer sends the 12-bit data to the 12/16 Converter Input (1.3L) or the 
External Input Data Mux (1.0A). 


INPUT BUFFER DATA MERGE 


This circuits ORs the two macrocells that comprise the Input Resynchronize Buffer. 


ERROR SUMMING NETWORK 
This network monitors the error checking circuits in EXTI. If an error occurs, an LED 


lights and the KZ Board Error goes to the Error Status Network (1.2D) and the Error Status 
Register (1.2C). 
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CONTROL IN RESYNCHRONIZER 


This circuit resynchronizes signals from the external device with the internal clock. 


END TRANSFER NETWORK 


Inactive In from the external device terminates a DMA input transfer. This network delays 
Inactive In until all input data is converted to 16-bit CM parcels and sent to the Assembly 
Buffer (1.5C). If the final parcel contains less than 16 bits, Force Data Available causes 
the parcel to be ones-filled. The Assembly Buffer ones-fills the remainder of the 64-bit 
word before sending it to CM. 


EXTERNAL CLOCK TUNING NETWORK 
This network selects the 10-MHz External Clock (on the Active In line) from ESM-II or the 


internally-~generated 10-MHz Fake External Clock. This network contains four tuning switches 
which select verious delays for the External Clock. 


EXTERNAL CLOCK T1/T2 FORMATION 


This circuit further delays External Clock and produces three clock signals which are sent 
to the Clock Formation and Fanout network. 


EXTERNAL CLOCK DETECTION NETWORK 


This network determines the presence or absence of the External Clock. It does this by 
counting the number of External Clock pulses received. If eight pulses are received every 
microsecond, the External Clock is present. If not, the clock is absent. A clock fault 
detector generates Clock Fault whenever the External Clock goes on or off. The External 
Clock can be initialized only at deadstart time. 


CLOCK FORMATION AND FANOUT 


This circuit generates the EXTI (KZ board) clocks. Tl and T2 are constant. TIX, T2X, T10, 
T30, T40, and TXX are different for normal and fast transfers. Refer to EXTI-170 3.6B for 
timing information. 
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ASSEMBLY/DISASSEMBLY, CONTROL COUNTERS (DMA-170 1.5) 


This diagram shows the data paths from EXTI to CM through the Assembly Buffer and from CM to 
EXTI through the Disassembly Buffer. 


ASSEMBLY 


The adapter assembles 12-bit channel words into 60- or 64-bit CM words during DMA input 
transfers as follows. 


1. External device sends channel words to input buffer (1.4D). 

2. Conversion shifter (1.3L,M) converts 12-bit channel words to 16-bit CM word 
parcels. Residue from 12-bit channel word is saved until next channel word 
arrives. T register byte count (1.6A) decrements by two for every 16-bit CM word 
parcel. 

3. Assembly Buffer assembles four 16-bit parcels into a 64-bit CM word. 

4. Assembly Buffer Output Register sends 64-bit word to CM. 


5. T register RMA (1.6C,F) increments by eight to set up next CM address. 


6. DMA input transfer terminates when T register byte count equals zero or if the 
external device sends an inactive in (1.4C). If T equals zero, any residue from 
12/16 conversion is saved for next transfer. If inactive is received, residue is 
assembled with ones fill and sent to CM. 


DISASSEMBLY 


The adapter disassembles 60- or 64-bit CM words into 12-bit channel words during DMA output 
transfers as follows. 


1. CM sends word to Disassembly Buffer. 
2. T register RMA (1.6C,F) increments by eight to set up next CM address. 


3. Disassembly Buffer Output Register sends disassembled 16-bit word parcels to 
conversion shifter (1.3L,M,N). - 
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4. Conversion shifter converts 16-bit CM word parcels to 12-bit channel words. Residue 
from 16-bit parcels is saved for next 12-bit channel word. T register byte count 
(1.6A) decrements by two for every 16-bit word parcel. 


5. Output buffer (1.3D) sends channel words to external device. 
6. DMA output transfer terminates when T register byte count equals zero or if the 


external device sends an inactive in (1.4C). If T equals zero, any residue from 
12/16 conversion is saved for next transfer. 


COUNTERS 


The Counters keep track of the number of 16-bit words that are being processed by the 
assembly/disassembly circuits. 


CHANNEL GO/CM REQUEST/CM RESPONSE 


These circuits coordinate the DMA assembly/disassembly operations with the CM requests and 
responses. 
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T RESISTER, ERROR SUMMING (DMA-170 1.6) 


This diagram shows the CM address path for DMA transfers and an Error Fan-In which detects 
JY board errors. 


T REGISTER 


The T Register receives the 16-bit byte count and the 32-bit real-memory address (RMA) from 
the T Prime Register. The least significant bit of the byte count, the most significant bit 
of RMA, and the three least significant bits of RMA are not used. These unused bits are 
always zero. The PP must load the T Register through the T Prime Register before a DMA 
transfer may proceed. 


The 15-bit byte count decrements by two as every 16-bit word enters the Assembly Buffer (DMA 
input) or leaves the Disassembly Buffer (DMA output). The 28-bit RMA increments by eight 
after every CM reference. 


The PP may read the 48-bit T register by issuing a read T function, activating the adapter, 
inputting three 16-bit words, and deactivating the adapter. 


T PRIME REGISTER 


The T Prime Register receives the 16-bit byte count and the 32-bit RMA from the PP. When 
the T Register is empty (status bit 62), the PP may write the 48-bit T Prime Register by 
issuing a write T function, activating the adapter, outputting three 16-bit words, and 
deactivating the adapter. All three words must be written. The PP cannot read this 
register. 
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When the T Prime Register is full, the contents transfer to the T Register as follows. 


e If DMA transfer not in progress, T Register byte count equals zero, and assembly/ 
disassembly buffers empty, all 48 bits transfer and status bit 62 sets. 


e If DMA transfer in progress and T Register byte count equals zero, the 16-bit byte 
count transfers. During DMA output transfers, status bit 62 sets. 


e If DMA transfer in progress and last CM reference occurs, the 32-bit RMA transfers. 
During DMA input transfers, status bit 62 sets, 


CM ADDRESS TO CMI 


This circuit sends the RMA from the T Register to CMI during a DMA transfer. The circuit 


also sends Cache Invalidate on every fourth and last CM write if bit 48 is set in the 
Control Register (1.1A). 
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DMA ENHANCED IPI CHANNEL ADAPTER (IPI 0.0) 


ADAPTER OVERVIEW 


The Direct Memory Access (DMA) Enhanced Intelligent Peripheral Interface (IPI) Channel 
Adapter (adapter) consists of three logic boards and a cable drop. The adapter is installed 
in any of 10 external channel locations in the Concurrent Input/Output (CIO) cabinet. This 
option provides an interface between a CIO Peripheral Processor (PP) and an IPI channel. A 
PP controls the adapter by issuing functions and sending data using standard PP input/output 
(1/0) instructions. 


The adapter enables the PP to transfer data between the external device and PP memory using 
standard I/O instructions. In addition, the adapter may transfer data between the external 
device and Central Memory (CM). This data flow is called DMA. The PP operates concurrently 
_ with the adapter during DMA data transfers. This allows the PP more time to process 1/0 
requests from the CPU. The primary purpose of the adapter is to allow DMA transfers between 
a buffer residing in scattered pages of CM and an external device. 


An I/O request consists of a list of commands. This list contains control information for 
‘the external device and data transfer length/address pairs for the adapter. These 
length/address pairs define the real memory address (word boundary) and length (bytes) in 
the CM buffer. Due to the physical sectoring of some external devices, the PP separates 
single length/address pairs into multiple pairs. This forces a transfer to end on a 
physical boundary. 

BARREL AND SLOT INTERFACE (BASI) 


The BASI (1LXH board) transfers data and control information between the Barrel and Slot 
(BAS) and the l1JYH and 1LZH boards as follows. 


@ Length/address pairs from Barrel and Slot (BAS) to T Prime Register (l1JYH board). 
@ Length/address pairs from T Register (1JYH board) to BAS. 
e Functions and control information from BAS to registers in DMA Array (1LZH board). 


e Error status, operational status, and control information from registers in DMA 
Array (1LZH board) to BAS. 


e Data from BAS to external device through 1LZH board. 
@ Data from external device to BAS through I1LZH board. 
Data from one PP to another also passes through the BASI. 
Maintenance Access Control (MAC) serially reads a 64-bit status word from the 1LZH board 


through the BASI into one of registers BO through B9. Each channel location in the CIO 
cabinet is assigned to a B register. 
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EXTERNAL INTERFACE (EXTL) 


The EXTI (1LZH board) transfers data between the external device and the Central Memory 
Interface (CMI) through the 1JYH board. The EXTI consists mainly of two 6000-gate arrays 
which control the data transfers. The IPI Array contains: 

e Data Buffer (16 words) 

e Status Register 

@ Error Register 
The DMA Array contains: 

e Function Decoder 

® Control Register 

@ Operational Status Register 

e Error Status Register 


EXTI also contains a Random Data Generator which emulates the external device when the 
adapter is in test mode. 


ASSEMBLY/DISASSEMBLY (A/D) 


The A/D (1JYH board) transfers data between CMI and the 1LZH board. For input transfers, 
A/D assembles 16-bit channel words into 64-bit CM words. For output transfers, A/D 
disassembles 64-bit CM words into 16-bit channel words. 


The lJYH board also contains the T and T Prime Registers which hold the length/address pairs. 


FUNCTION CODES 


The DMA Array determines the adapter’s specified operation by decoding the function word 
from the PP. The adapter responds with an inactive status only when a legal function is 
decoded. The adapter uses functions which control internal operations, IPI channel, and IPI 
bus. 
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INTERNAL FUNCTIONS ’ 


Internal function codes are listed below. 


Code (Hex) 


0000 
0004 
0014 
0022 
OX22 
XX42 
0X62 
0100 
0200 
0300 
0400 
0500 
0600 
0700 
0800 
0900 
0A00 
OBOO 
0c00 
ODO0O 
OEOO 
XFOO 


Function 


Master Clear 

Read Random Data Generator 
Write Random Data Generator 
Clear IPI Error 

Force Error 

Set Sync Period 

External Clock/Port Select 
Clear Error 

Read Control Register 
Write Control Register 
Select PP from DMA 

Select PP to DMA 

Read Error Status Register 


Read Operational Status Register 


DMA Terminate 

Illegal Function 

Read T Register 

Write T Prime Register 
Select IPI to DMA 
Select DMA to IPI 
Clear T Registers 
Illegal Function 


BUS CONTROL FUNCTIONS 


These functions establish the bus configuration for subsequent information transfers. 
Except for condition code 0, these functions are followed by one word from the external 


device on bus B which contains one byte of status and one byte of data. 


The conditions and 


signals defined by these functions remain unchanged until the next function arrives. The 
bus control functions are listed below. 
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Function 


Bus A Output 
Condition Code 
Select Out 
Master Out 
Syne Out 

One 


The status and da 


Bit 


CHANNEL FUNCTIONS 
Channel function 
Code (Hex) 


OOAl 
00C1 
OOE1 
OOF] 
0X81 


This read-only register (IPI Array) provides information regarding the state of the IPI 


ta from IPI channel bus B are:listed below. 
Function 


Error 

Attention 

Buffer Not Empty 

Select Out 

Slave In 

Master Out 

Sync In 

Syne Out 

Bus B Input (Data Source) 


codes are listed below. 
Function 


Master Terminate 
Attention Present 

Read IPI Status Register 
Read IPI Error Register 
Data Transfer Functions 


IPI STATUS REGISTER 


channel during DMA transfers. Bit assignments are listed below. 


Status 


Error 

Attention 

Buffer Not Empty 
Select Out 

Slave In 

Master Out 

Sync In 

Syne Out 

Not Used 
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IPI ERROR REGISTER 


This read-only register (IPI Array) monitors the IPI Array“s error checking circuits during 


DMA transfers. Bit assignments are listed below. 


Error 


Buffer Count Parity Error 
Not Used 

Syne Count Parity Error 
Period Count Parity Error 


Function Upper Parity Error 
Function Lower Parity Error 


Not Used 
Lost Data 


ICI Upper Data Parity Error 
ICI Lower Data Parity Error 


IPI Sequence Error 

IPI Bus A Parity Error 
IPI Bus B Parity Error 
Illegal Operation 

Not Used 


DMA CONTROL REGISTER 


The control register (DMA Array) selects the different operating modes for the adapter. 
PP reads or writes this register using the 0200 or 0300 function, respectively. 
master clear or a master clear function (0000) clears this register. 


listed below. 


Bit 
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Description 


Enable Cache Invalidate 

Not Used 

Enable Test Mode 

Inhibit Test Mode Increment 


Enable Transfer in Progress Flag 


Enable T Prime Empty Flag 
Not Used 

Enable Force Error Codes 
Not Used 

Force Error Codes 


Bit assignments are 


DMA OPERATIONAL STATUS REGISTER 


This read-only register (DMA Array) provides information regarding the state of the adapter 
and IPI channel during DMA transfers. The PP reads this register using the 0700 function. 
This status allows the PP to control the operation of the adapter. Bit assignments are 
listed below. 


Bit Description 

48 Function Register Parity Error 

49 Control Register Parity Error 

50 Data Register Input Parity Error 
51 Data Register Output Parity Error 
52 T Register Counter Parity Error 
53 Deadman Timer Counter Parity Error 
54, 55 Zero 

56 DMA Transfer in Progress 

57 IPI Transfer In Progress 

58 Output Mode 

59 Not Used 

60 DMA/IPI Mode 

61 PP/IPI Mode 

62 T Prime Register Empty 

63 Transfer In Progress 


DMA ERROR STATUS REGISTER 


This read-only register (DMA Array) monitors the adapter’s error checking circuits to 
determine if any hardware errors have occurred. The PP reads this register using the 0600 
function. The PP uses this error status for fault isolation and to determine the validity 
of a transfer. All error bits are ORed to form the adapter’s error flag. This register is 
cleared by a master clear (0000) function or a clear error (0100) function. Bit assignments 
are listed below. 


Bit Description 

48 Zero 

49 Illegal Function or Sequence 
50 Uncorrectable CM Error 

51 CM Reject . 

52 Invalid Response 

53 Response Code Parity Error 
54 CMI Read Data Parity Error 
55 IPI Error 

56 DMA Register Parity Error 
57 MAC Status Parity Error 

58 Timeout 

59 A/D Data Error 

60 BAS Parity Error 

61 LZ Error 

62 JY Error 

63 LX Error 
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DATA PATHS ’ TEST MODE ; 


The following paragraphs describe the adapter data paths for each of the transfers. Test mode allows testing the adapter’s internal data paths without an external device. The 
Random Data Generator supplies data for input transfers and produces a check sum for output 
transfers. In test mode, the adapter simulates maximum transfer rates. 

PP TO T PRIME REGISTER 
The following paragraphs describe data paths and typical programming sequences for the 


The PP writes three words into the T Prime Register through the BAS Register and T Register adapter in test mode. 
Data Bus. 
PP FROM T REGISTER PP OUTPUT TRANSFER 
The PP reads three words from the T Register through the BAS Register and BAS Data Bus. Data passes from the PP, to the Random Data Generator, and back to the PP as follows. 
eG - Shs ae ES 1. PP sends a block of data words to Random Data Generator through BAS Register, two 
PP TO FUNCTION REGISTER AND CONTROL REGISTER Channel Data Buses, DMA Array, and IPI Array. 
The PP writes these DMA Array registers through the BAS Register and the two channel Data . 2. Random Data Generator determines sum of words. 
BuseSe . 


3. Random Data Generator sends result sum to PP through DMA Array, Channel Data Bus, 
| BAS Register, and BAS Data Bus. 
PP FROM ERROR STATUS, OPERATIONAL STATUS, AND CONTROL REGISTERS 
4. PP checks results. 
The PP reads these DMA Array registers through the Channel Data Bus, BAS Register, and BAS 


Data Bus. 

PP INPUT TRANSFER 
INTER-PP TRANSFER Data passes from the Random Data Generator to the PP as follows. 
Data passes from one PP to another through the BAS Register and BAS Data Bus. 1. Random Data Generator produces a block of data words. 


2. Random Data Generator sends block of data words to PP through IPI Ports A, B 
BE OUTER UT AR ree . Transmitters/Receivers, IPI Array, DMA Array, Channel Data Bus, BAS Register, and 
BAS Data Bus. 
Data passes from the PP to the external device through the BAS Register, two Channel Data 


Buses, DMA Array, IPI Array, and IPI Ports A, B Transmitters. 3. PP checks block of data words. 
PP INPUT TRANSFER DMA OUTPUT TRANSFER 
Data passes from the external device to the PP through the IPI Ports A, B Receivers, IPI Data passes from CM, to the Random Data Generator, and then to the PP as follows. 


Array, DMA Array, Channel Data Bus, BAS Register, and BAS Data Bus. 
1. CM sends a block of data words to Random Data Generator through Disassembly Buffer, 
DMA Data Bus, and IPI Array. 
DMA OUTPUT TRANSFER 
2. Random Data Generator determines sum of words. 
Data passes from CM to the external device through the Disassembly Buffer, DMA Data Bus, IPI 
Array, and IPI Ports A, B Transmitters. 3. Random Data Generator sends result sum to PP through DMA Array, Channel Data Bus, 
BAS Register, and BAS Data Bus. 


DMA INPUT TRANSFER 4. PP checks results. 
Data passes from the external device to CM through the IPI Ports A, B Receivers, IPI Array, 


DMA Data Bus, and Assembly Buffer. 
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A typical programming sequence for a DMA output transfer follows. 


Issue master reset to external device to disable transmitters/receivers. 


appropriate channel status register. 
channel location 0, the PP does a maintenance register read on register BO. 
location 1, the read is on register Bl. 


Function adapter to write Random Data Generator (internal function 0014). 


Enable test mode (control register bit 51). with the read on register B9. The format for the adapter®s channel status is shown below. 
Function adapter to set select out (channel function 0009). Byte Description 
Function adapter for data transfer (channel function 0X81). 0 DMA Error Status--Leftmost Byte (DMA Maintenance Bits 56-63) 


Function adapter for DMA write to IPI (internal function ODO0). 


Function adapter to read Random Data Generator at end of transfer (internal function 
0004). 


DMA INPUT TRANSFER 


Data passes from the Random Data Generator to CM as follows. 


1. Random Data Generator produces a block of data words. 
2. Random Data Generator sends block of data words to CM through IPI Ports A, B 
Transmitters/Receivers, IPI Array, DMA Data Bus, and Assembly Buffer. 
A typical programming sequence for a DMA input transfer follows. 
1. Issue master reset to external device to disable transmitters/receivers. 
2. Function adapter to write Random Data Generator (internal function 0014). 
3. Enable test mode (control register bit 51). : 
4. Function adapter to set select out (channel function 0009). 
5. Function adapter for data transfer (channel function 0X81). 
6. Function adapter for DMA read from IPI (internal function OCOO). 
3 
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Bit 


DMA 


Bit 


IPI 


Bit 


IPI 


Bit 


NOME WH © 


MAINTENANCE ACCESS CONTROL (MAC) INTERFACE 


Any PP can read certain registers in the adapter by doing a maintenance register read of the 
For example, if the adapter is installed in CIO 

If installed in 
This continues through channel location 11 (octal) 


Zero 

Illegal Function or Sequence 
Uncorrected CM Error 

CM Reject 

Invalid Response Code 

CM Response Code Parity Error 
CMI Read Data Parity Error 
IPI Error 


Error Status--Rightmost Byte (DMA Maintenance Bits 56-63) 


DMA Register Parity Error 
MAC Status Parity Error 
Timeout 

A/D Data Error 

BAS Register Parity Error 
LZ Board Error 

JY Board Error 

LX Board Error 


Error Status--Leftmost Byte (IPI Error Byte 2 Bits 56-63) 


Buffer Count Parity Error 
Zero 

Sync Count Parity Error 
Period Count Parity Error 
Function Upper Parity Error 
Function Lower Parity Error 
Zero 

Zero 


Error Status--Rightmost Byte (IPI Error Byte 3 Bits 56-63) 


Lost Data 

ICI Upper Data Parity Error 
ICI Lower Data Parity Error 
IPI Sequence Error 

IPI Bus A Parity Error 

IPI Bus B Parity Error 
Illegal Operation 

Zero 


Byte , Description Byte + Description 


4 DMA Operational Status (DMA Maintenance Bits 56-63) 6 DMA Control Register Status (DMA Maintenance Bits 56-63) 
Bit 32 - Zero Bit 48 - Enable Cache Invalidate 
33 - Zero 49 - Zero 
34 - Output Mode 50 - Disable Timeout 
35 - Zero 51 - Enable Test Mode 
36 - DMA/IPI Mode 52 - Inhibit Test Mode Increment 
37 - DMA/IPI Inactive 53 - Enable Transfer In Progress Flag 
38 - T Prime Register Empty 54 - Enable T Prime Empty Flag 
39 - Transfer In Progress 55 - Zero 
5 Flag Status 7 IPI Status Register (IPI Operation Status Bits 56-63) 
Bit 40 - Zero Bit 56 — Error 
41 - Zero 57 - Attention 
42 - Zero 58 - Buffer Not Empty 
43 - Zero 59 - Select Out 
44 - Active 60 - Slave In 
45 - Full 61 - Master Out 
46 - Error 62 - Sync In 
47 — Flag 63 - Sync Out 
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(1.0) 


(1.1) 
PP 
(16) (BAS) 
DATA BuS (16) 
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60463540 D 


’ BARREL AND SLOT INTERFACE (IPI 1.0) 


DATA PATHS 


All data to/from a PP flows through the Barrel and Slot (BAS) Register. Depending on the 
operation, data also flows through the BAS Data Bus, Channel Data Bus, or T Register Data 
Bus. 


BAS DATA BUS 
A PP reads data through the BAS Register and the BAS Data Bus for the following operations. 


PP from T Register (shown on IPI 1.4B). 

PP from Error Status Register in DMA Array (1.1A). 

PP from Operational Status Register in DMA Array (1.1A). 
PP from Control Register in DMA Array (1.1A). 

Inter-PP transfer. 

PP input transfer from external device. 


CHANNEL DATA BUS 


A PP writes data through the BAS Register and the Channel Data Bus for the following 
operations. 


@ PP to Function Register in DMA Array (1.1A). 
@ PP to Control Register in DMA Array (1.1A). 
@ PP output transfer to external device. 


T REGISTER DATA BUS 


A PP writes data to the T Prime Register (1.4A,C,F) through the BAS Register and the T 
Register Data Bus. 


CHANNEL FLAGS AND MICROCODE TRANSLATOR 


Microcode Bit 85 sets the programmable Channel Flag that is used by the operating system. 
The other signals generated by this circuit control data flow within the adapter. The 
Microcode Translator decodes Microcode Bits 73 through 75 as follows to determine which 
input/output instruction is being executed by the PP. 


Decode Instruction 
0 Function 
1 Activate 
2 Output 
3 Input 
4 Inactivate 
5 Clear Error Flag 
6 Clear Channel Flag 
7 Not Used 
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CM FUNCTION CODE 


This circuit generates a function code for CM during DMA transfers. Only two functions are 
possible. They are CM read (DMA output) and CM write (DMA input). 


CM RESPONSE CODE 


This circuit checks the response code from CM for errors. If any errors occurred, the 
appropriate signals go to the error status register in the DMA Array (1.1A). 


ERROR STATUS 

This circuit monitors the parity checkers in BASI for errors. If an error occurs, an LED 
lights and LX Error goes to the error status register in the DMA Array. BAS Parity Error 
indicates a parity checker in the BAS Register detected a Channel Parity Error on BAS, 
channel, or T register data. MAC Parity Error indicates a parity checker in the MAC Mux 
detected a status error. 


MAC CONTROL 


This circuit contains a free-running counter which controls the flow of status from the 
adapter to MAC. 


MAC INTERFACE 


MAC reads the adapter’s status through the MAC Status Register, MAC Mux, and a shift 
register in the MAC Interface as follows. 


1. MAC sends 5-bit serial string to MAC Interface on MAC Data To line. 


2. Shift register in MAC Interface shifts 5-bit string into bit positions 60 through 
64. (Bits 60 and 61 are not used.) 


3. MAC Interface sends MAC Mux Select Bits 62 through 64 from shift register to MAC Mux. 
4. MAC Mux sends selected 8-bit status byte to MAC Interface. 
5. MAC Load from MRB loads entire status byte into shift register. 


6. Read from MRB enables serial status byte (shifted through shift register) to MAC on 
MAC Data From line. 


The MAC Interface also sends hard-wired Channel Installed and Channel Type information to 
the options installed register in MRA. 
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MAC STATUS A 
BITS 56-63/64 


E i) 


MAC 
STATUS 
RGTR 


1A ERROR _IN (3.1B,UX2.3) 
4 
KB PPNC_CHAN 3 
FULL IN. FLAG IN. 
EMPTY IN, INACT IN 
1A (4) 
FULL IN ' 
CODE (a) 
BITS T3-T5.85 
uw (4) 
JT ey 
MAC 
CONT 
ID CHAN MC (3. 1E,LX4,9) 
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ACT. FULL, FLAG 
(BITS 60.61.63) 


BITS 62-64 
MAC BYTES O-T 
BITS 56~63/64 
MAC MUX 
re 
BITS 52-63/64 


(3.1C,LX%4.5) 


CHAN ERR 
ERROR wr 


CHAN SEL. READ. 
MAC LQAD 


a @) 


MAC DATA TO 
JQ (LOCATION) 


BASC CHAN FULL, 
ACT. FLAG, ERROR 


FCTN SUT. FULL Q&T. 
ACT BUT. INACT QUT 


@) 


EMPTY QUT 


CHAN FLAGS 
AND 
uCQDE XLTR 
(MACROCELL ) 


(3.1D.LXIZ) 


CHAN INSTALLED, 
CHAN TYPE BITS 0-3 


(5) Js 


MAC ID BAS INP 
INTERFACE 
MAC DATA FROM 
(3. 1A.LX6) (LOCATION) JQ 


READ T1.T2s 
FORCE BAS PE UPR.L¥R 


JW 1A (4) 


FULL_IN 


(3) MAC PE 
CLR LED 
JQ 
( 
IN. ENBL CT 
M 
START DMA, START DMA 
DMA M2DE 
(2) RGTR 

(3.06,Lx9) DMA MODE 


(¢) MPTY_BA 


BAS 


DATA BUS 


(3.08.LX8) 


CHAN 
DATA BUS 


DATA BITS 


48-63/64 (3.0B8.LX8) 


BAS RGTR 


(3.0A,LX7.9) (3.00.LXKI0) 


CHAN PE. FCTN & 
FULL OR FULL IN 


ERROR 
STATUS 
(3.00.Lx9) RESP CODE PE 
L MEM FCTN 
BITS 0-3/PAR 

ud 
CN FCTN 

CODE cr 4G 

(3.08.LXI1) Gur 
ap RESP 
FORCE INVALID RESP. 
INV RESP CODE PAR 
30 1A (2) 
RESP CODE BITS 0-2/PAR 
e (3/1) 
JJ RESP CODE PE. READ DATA PE 
(2) (3.0F.LXII) 
BARREL AND SLOT 
INTERFACE 
DEVELOPMENT 
DIVISION 


BAS DATA BITS 
48-62 64 


CHAN DATA BITS 
48-63/ 64 


T RGTR DATA 
BITS 48-63/PAR 


CLR_A/D 


BAS PE. Lk ERRQR. 


MAC PE. RESP CODE PE 


4) 


CuI READ PE. 
Ow REVECT, 
UNCZR CM ERRYH, 
INVALID RESP 


4) 


JW 


48 


1A 


* DMA AND IPI ARRAYS, DATA BUS, MAC MUX (IPI 1.1) 


DATA PATHS 


The following paragraphs describe data flow through the DMA Array, IPI Array, DMA Data Bus, 


and Channel Data Bus. 


PP TO FUNCTION AND CONTROL REGISTERS 


Channel output data from BASI (1.0N) goes to the DMA Array through the Channel Data Bus. 


PP FROM ERROR STATUS, OPERATIONAL STATUS, AND CONTROL REGISTERS 


Channel input data from the DMA Array goes to BASIL through the Channel Data Bus. 


PP OUTPUT TRANSFER 


1. Channel output data from BASI goes to the DMA Array through the Channel Data Bus. 


2. ICI-2 data from the DMA Array goes to the IPI Array. 


3. IPI bus data goes from the IPI Array to the IPI Data Out Mux (1.2B). 


PP INPUT TRANSFER 
1. IPI bus data from the receivers (1.2A) goes to the IPI Array. 
2. ICI-2 data from the IPI Array goes to the DMA Array. 


3. Channel input data from the DMA Array goes to BASI through the Channel Data Bus. 


DMA OUTPUT TRANSFER 


1. DMA data from A/D (1.3K) goes to the IPI Array through the DMA Data Bus as ICI-2 
data. 


2. IPI bus data from the IPI Array goes to the IPI Data Out Mux (1.2B). 


DMA INPUT TRANSFER 
1. IPI bus data from the receivers (1.2A) goes to the IPI Array. 


2. ICI-2 data from the IPI Array goes to A/D through the DMA Data Bus as DMA data. 
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l. 


TEST MODE DATA PATHS 


The following paragraphs describe data flow when the adapter is in test mode. 


PP OUTPUT TRANSFER 


A block of words (channel output data) goes from BASI to the DMA Array through the 
Channel Data Bus. 


ICI-2 data from the DMA array goes to the IPI Array. 
IPI bus data from the IPI Array goes to the IPI Data Out Mux (1.2B). 
Result sum from Random Data Generator-2 goes to the DMA Array as ICI-2 data. 


Channel input data from the DMA Array goes to BASI through the Channel Data Bus. 


PP INPUT TRANSFER 


l. 


2. 


3. 


A block of random data words (IPI bus data) from the transmitters/receivers (1.2A) 
goes to the IPI Array. 


ICI-2 data from the IPI Array goes to the DMA Array. 


Channel input data from the DMA Array goes to BASI through the Channel Data Bus. 


DMA OUTPUT TRANSFER 


l. 


2 


36 


4. 


A block of words (DMA data) from A/D (1.3K) goes to the IPI Array through the DMA 
Data Bus as ICI-2 data. 


IPI bus data from the IPI Array goes to the IPI Data Out Mux (1.2B). 
Result sum from Random Data Generator-2 goes to the DMA Array as ICI-2 data. 


Channel input data from the DMA Array goes to BASI through the Channel Data Bus. 


DMA INPUT TRANSFER 


l. 


2 


A block of random data words (IPI bus data) goes from the receivers/transmitters to 
the IPI Array. 


ICI-2 data from the IPI Array goes to A/D through the DMA Data Bus as DMA data. 
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POWER ON ONE SHOT 
This circuit synchronizes the transmitters on the DMA and IPI Arrays. The power on master 


clear signal disables the transmitters. The power on clear in signal enables them. This 
allows all transmitters to come up in one state. 


DEAD MAN TIMEOUT OSCILLATOR 


This circuit limits data transfers through the DMA Array to one second. 


LED 

Any error detected on the 1LZH board lights this LED. It remains lit until the clear LED 
signal arrives from MAC. 

DMA ARRAY 


The DMA Array decodes the adapter”’s function and contains the control, operational status, 
and error status registers. 


INTERNAL FUNCTION CODES 


The DMA Array determines the adapter’s specified operation by decoding the function word 
from the PP. The adapter responds with an inactive status only when a legal function is 
decoded. The function word arrives from the PP through the Channel Data Bus. Internal 

function codes are described in the following paragraphs. 
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Master Clear (0000) 


This function clears all DMA Array Registers, IPI Array Registers, T Prime 
Register, and T Register. 


Read Random Data Generator (0004) 


In test mode, this function allows the PP to read the Random Data Generator. 
After the PP sends this function and an activate signal, the adapter responds 
with a full signal and the data. 


Write Random Data Generator (0014) 


In test mode, this function allows the PP to write the Random Data Generator. 
After the PP sends this function and an activate signal, the adapter accepts 
two words. 


The first word (bits 48 through 63) contains data for the Random Data 
Generator. 


The second word contains control information. Bit 48 indicates the IPI 
transfer will be in stream mode. Bit 49 inhibits the sync counter. This 
allows the data transfer to continue until the PP sends a master terminate 
function. Bits 50 through 63 contains the sync count. This count determines 
the number of sync in*s during a transfer. The data transfer terminates when 
the sync count reaches zero. 
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Clear IPI Error (0022) + Set Sync Period (XX42) 


This function clears the IPI error register and buffer counter in the IPI Array. The following functions select the transfer rate for the IPI channel. 
Force Error (0X22) 12 MHz Ext Clk 16 MHz Ext Clk 20 MHz Ext Clk 
Function (MBytes/Sec) (MBytes/Sec) (MBytes/Sec) 
The following functions test the parity checkers in the IPI Array. Parity errors set 
corresponding IPI error register bits. 8042 0.09 0.13 0.16 
E742 0.48 0.64 0.80 
Error E842 0.50 0.67 0.83 
Register EC42 0.60 0.80 1.00 
Function Bit Test F342 0.92 1.23 1.54 
F442 1.00 1.33 1.67 
0122 60 IPI bus A during output transfer. F542 1.09 1.45 1.82 
F642 1.20 1.60 2.00 
0222 61 IPI bus B during output transfer. F742 1.33 1.78 2.22 
F842 1.50 2.00 2.50 
0322 60 IPI bus A during input transfer. F942 1.71 2.29 2.86 
FA42 2.00 2.67 3.33 
0422 61 IPI bus B during input transfer. FB42 2.40 3.20 4.00 
FC42 3.00 4.00 5.00 
0522 48 Buffer counter 1 during data transfer. FD42 4.00 5.33 6.67 
FE42 6.00 8.00 10.00 
0622 48 Buffer counter 2 during data transfer. 
0722 48 Buffer write address during data transfer. 20 MHz Int Clk 
Function = __(MBytes/Sec) _ 
0822 48 Buffer read address 1 during data transfer. 
0042 0.16 
0922 48 Buffer read address 2 during data transfer. 6842 0.80 
6C42 1.00 
0A22 50 Sync counter during transfer. 7442 1.67 
7642 2.00 
OB22 51 Period counter during channel transfer. 7942 2.86 
7B42 4.00 
0C22 58 ICI output data (lower) during transfer to PP or DMA Array. 7042 5.00 
7D42 6.70 
0D22 57 ICI output data (upper) during transfer to PP or DMA Array. 7E42 10.00 
0E22 53 or 58 ICI input data (lower) when DMA Array receives a function or 
data. 
OF22 52 or 57 ICI input data (upper) when DMA Array receives a function or 
data. 
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External Clock/Port Select (0X62) 


The following functions select the external clock. 


Function Clock (MHz) 


0062 
0162 
0262 
0362 
0462 
0562 
0662 
0762 
0862 
0962 
OA62 
OB62 
0C62 
OD62 
OE62 
OF62 


Clear Error (0100) 


This function clears the error status register (DMA Array) and the IPI error register (IPI 


Array). 


Read Control Register (0200) 


This function reads the control register (DMA Array). 


20 
12 
16 


Port 


DBWBWWWWnWnPr PP Pp Pp Pp pP 


If the internal clock is selected by a 
set syne period function (XX42), these functions also select port A or B for the IPI channel. 


The sequence is: 


1. PP sends this function and activate signal to adapter. 


2. Adapter sends full signal and contents of control register to PP. 
3. PP sends empty signal to adapter. 


4. Adapter sends inactive signal to PP. 
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Write Control Register (0300) 


This function writes the control register (DMA Array). 


After the PP sends this function and 


an activate signal, the adapter accepts the following word as control register write data. 
If the PP sends a second word, the adapter does not respond. 


Select PP from DMA (0400) 


This function allows the PP to read CM through the DMA path. The sequence is: 


l. 


2. 


3. 


PP loads T Register through T Prime Register (internal function OBO0). 


PP sends this function to adapter. 


PP sends activate signal to adapter and inputs data. (Activating channel enables 


DMA output, DMA mode, and start DMA signals.) 


Select PP to DMA (0500) 


This function allows the PP to write CM through the DMA path. The sequence is: 


PP loads T Register through T Prime Register (internal function OBOO). 


PP sends this function to adapter. 


PP sends activate signal to adapter and outputs data. (Activating channel enables 


DMA input, DMA mode, and start DMA signals.) 


Read Error Status Register (0600) 


This function reads the error status register (DMA Array). The sequence is: 


PP sends this function and an activate signal to adapter. 
Adapter sends full signal and contents of error status register to PP. 
PP sends empty signal to adapter. 


Adapter sends inactive signal to PP. 
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Read Operational Status Register (0700) , 


This function reads the operational status register (DMA Array). The sequence is: 
1. PP sends this function and an activate signal to adapter. 
2. Adapter sends full signal and contents of operational status register to PP. 
3. PP sends empty signal to adapter. 


4. Adapter sends inactive signal to PP. 


Illegal Function (0900) 


The adapter ignores this function and does not send an inactive signal to the PP. 


Read T Register (0A00) 


This function enables the PP to read the T Register. After the PP sends this function and 
an activate signal, the adapter sends three 16-bit words which contain the current contents 
of the T Register in the following order. 

1. Byte Count Bits 0-15 

2. CM Address Bits 36-51 


3. CM Address Bits 52-63 


Write T Prime Register (0B00) 


This function enables the PP to write the T Prime Register. After the PP sends this 
function and an activate signal, the adapter accepts the next three 16-bit words as T Prime 
Register write data in the following order. 

1. Byte Count Bits 0-15 

2. CM Address Bits 36-51 

3. CM Address Bits 52-63 


If the PP sends more than three words, the fourth word remains in the BAS Register and the 
full flag remains set. 


60463540 D 


Select IPI to DMA (0C00) 
This function enables the adapter to perform a DMA input operation. The sequence is: 

1. PP sends this function and an activate signal to adapter. 

2. PP writes three words into T Register. 

3. Adapter sends inactive signal to PP. 

4. DMA Array sends active signal to IPI Array. 

5. IPI Array selects DMA input from external device. 


6. DMA Array sends DMA mode and start DMA signals to A/D. 


Select DMA to IPI (0D00) 
This function enables the adapter to perform a DMA output operation. The sequence is the 


same as above except IPI Array selects DMA output to external device (step 5). 


Clear T Prime Register (0E00) 


This function clears the T Register, T Prime Register, Assembly Buffer, and Disassembly 
Buffer. 


Illegal Functions (XF00) 


The adapter ignores these functions and does not send an inactive signal to the PP. 
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BUS CONTROL FUNCTIONS 


These functions establish the bus configuration for subsequent information transfers. 
Except for condition code 0, these functions are followed by one word from the external 
device on bus B which contains one byte of status and one byte of data. The conditions and 
signals defined by these functions remain unchanged until the next function arrives. The 
bus control function word is described below. 


Bits Function Description 
48-55 Bus A Output Output on IPI channel bus A for condition codes 0-7. 


56-59 Condition Code Specifies under what conditions data is available to the PP, 
source of data, if parity is checked/regenerated, and 
transmitter/receiver enables. 


60 Select Out Causes IPI channel select out signal to activate. 
61 Master Out Causes IPI channel master out signal to activate. 
62 Sync Out Causes IPI channel sync out signal to activate. 
63 Not Used Constant one. 


If bits 60 and 61 are clear and bit 62 is set, bit 53 becomes the IPI channel bus A parity 
bit. 


The following steps describe the sequence of events for condition codes 0 through 3 and 5 


through 7. Code 4 is not used. Parity is checked for codes 3 and 5 only. Except for code 
0, bus B provides input data and status. 


Code Sequence 

0 1. Output bus A if bus A transmitters are enabled. 
2. Set IPI controls (bits 1-3). 

1-3, 5-7 1. Enable bus A transmitters and bus B receivers. 
2. Output bus A. 
3. Set IPI controls (bits 1-3). 

4. Return data to PP when: 

Channel goes active (code 1). 

Slave in signal goes active (codes 2, 3). 

Sync in signal goes active (code 5). 


Sync in signal goes inactive (code 6). 
Slave in signal goes inactive (code 7). 


5. Inactive channel when empty in signal arrives from PP. 
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The status and data from IPI channel bus B are listed below. The status bits from the 


external device are described under IPI Status Register. This status is in response to a 


channel function from the adapter. 


Bit Function 
48 Error 

49 Attention 

50 Buffer Not Empty 
51 Select Out 

52 Slave In 

53 Master Out 

54 Sync In 

55 Syne Out 


56-63 Bus B Input (Data Source) 


CHANNEL FUNCTIONS 


Channel function codes are described in the following paragraphs. 
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Master Terminate (00A1) ; 
This function terminates data transfers on the IPI channel. The sequence is: 
1. For DMA input transfers, Assembly Buffer empties. 


2. Master out signal to external device goes inactive to initiate master terminate 
sequence. 


3. Syne out signals continue for every sync in signal from external device (stream 
mode). 


4. When slave in signal from external device goes inactive, PP reads contents of IPI 
status register (IPI Array). 


5. When empty in signal arrives from PP, IPI channel deactivates. 


Attention Present (00C1) 
This function returns the contents of the IPI status register (IPI Array) to the PP when the 


attention in signal arrives from the external device. The channel deactivates when the 
empty in signal arrives from the PP. 


Read IPI Status Register (00E1) 


This function returns the contents of the IPI status register (IPI Array) after the PP 
activates the channel. The channel deactivates when the empty in signal arrives from the PP. 


Read IPI Error Register (0OF1) 


This function returns the contents of the IPI error register (IPI Array) after the PP 
activates the channel. The channel deactivates when the empty in signal arrives from the PP. 
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Data Transfer Functions (0X81) 


The following functions prepare the IPI Array for data transfers by enabling its internal 
buffer and activating the master out signal. The PP activates the channel and executes the 
appropriate I/O instruction. 


Code (Hex) Function 
0081 DMA auteee. 16-Bit Word, Interlock Mode 
0181 DMA Input, 16-Bit Word, Interlock Mode 
0281 DMA Output, 16-Bit Word, Stream Mode 
0381 DMA Input, 16-Bit Word, Stream Mode 
0481 DMA Output, 8-Bit Word, Interlock Mode 
0581 DMA Input, 8-Bit Word, Interlock Mode 
0681 DMA Output, 8-Bit Word, Stream Mode 
0781 DMA Input, 8-Bit Word, Stream Mode 


CONTROL REGISTER 


The control register in the DMA Array selects the different operating modes for the 
adapter. The PP reads or writes this register using the 0200 or 0300 function, 
respectively, through the Channel Data Bus. Power on master clear or a master clear 
function (0000) clears this register. MAC also reads this register through the MAC Mux. 
Bit assignments are described in the following paragraphs. 


Enable Cache Invalidate (48) 


This bit enables a cache invalidate signal with every fourth and last word written to (M 
during a DMA transfer. 
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Enable Test Mode (51) 
This bit places the adapter in test mode. The Random Data Generator provides data and 


control signals to simulate high-speed I/O transfers. Test mode disables the transmitters 
and receivers which are not tested. 


Inhibit Test Mode Increment (52) 


In test mode, this bit allows the use of constant data patterns by preventing the Random 
Data Generator from incrementing. 


Enable Transfer In Progress Flag (53) 


This bit enables setting the channel flag when the transfer in progress signal clears. This 
indicates a DMA transfer is complete. 


Enable T Prime Empty Flag (54) 


This bit enables setting the channel flag when the T Prime Register empties. This indicates 
the contents of the T Prime Register has transferred to the T Register. The PP can now load 
the T Prime Register for the next transfer. 


Enable Force Error Codes (56) 


This bit enables the decoding of control register bits 59 through 63. 


Force Error Codes (59-63) 


When bit 56 is set, these codes enable testing the adapter’s parity checkers. The following 
paragraphs describe hexidecimal codes 00 through 18 . 

Invert Operational Status Parity Upper, Lower (00, 01) 

These codes invert the parity bits for the upper and lower bytes of the operational status 


register. A parity error occurs when the PP reads this status. Error status register bit 
61 sets. 
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Force T Register Read/Write Counter Parity Error (02) 


This code inverts the parity bit for the T register read/write select counter. A parity 
error occurs in the next clock period. Error status register bits 56 and 61 and operational 
status register bit 52 set. 


Force Function Register Parity Error (03) 


This code inverts the parity bit for the function register. A parity error occurs in the 
next clock period. Error status register bits 56 and 61 and operational status register bit 


48 set. 


Force Invalid Response (04) 


This code causes an illegal translation of the CM response code during a CM reference. 
Error status register bit 52 sets. 


Invert Response Code Parity (05) 


This code inverts the parity bit for the CM response code during a CM reference. Error 
status register bit 63 sets and the LX board LED lights. 


Force BAS Parity Error Upper, Lower (06, 07) 


These codes force parity errors on the upper and lower bytes of data transferred from the PP 
to the BAS Register. Error status register bits 60 and 63 set. 


Invert Input Data Parity to BAS (08) 


This code inverts the parity bit for data transferred from the LZ board to the BAS Register 
(LX board). Error status register bits 60 and 63 set. 


Force PP BAS Input Data Parity Error (09) 


This code inverts the parity bit for data transferred from the BAS Register to the DMA 
Array. A parity error occurs in the next clock period. Error status register bits 56 and 


61 and operational status register bit 50 set. 


Force DMA/IPI Input Data Parity Error Upper, Lower (0A, OB) 
These codes invert the parity bits for the upper and lower bytes of data transferred from 


the IPI Array to the DMA Array. A parity error occurs in the next clock period. Error 
status register bits 56 and 61 and operational status register bit 51 set. 
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Force Output Data Parity Error Upper, Lower (OC, OD) 


These codes invert the parity bits for the upper and lower bytes of data transferred from 
the DMA Array to the IPI Array or A/D. The DMA Array detects a parity error. Error status 
register bits 56 and 61 and operational status register bit 51 set. 


Force Error Status Register Parity Error Upper, Lower (OE, OF) 


These codes invert the parity bits for the upper and lower bytes of the error status 
register. A parity error occurs when the PP reads the status. Error status register bit 6l 
sets. (PP must do a second read to detect this error.) 


Force Channel Input Parity 0, 1 (10, 11) 
These codes force the parity bit low for bits 48 through 55 (parity 0) and 56 through 63 


(parity 1) as DMA input data enters the Assembly Buffer. A parity error occurs when the 
64-bit CM word leaves the buffer. Error status register bits 59 and 62 set. 


Force T Parity Low (12) 


This code forces the parity bit low for T Register data as it enters the T Prime Register. 
A parity error occurs when T prime data transfers to the T Register. Error status register 
bit 62 sets. This error inhibits CM requests until the PP issues a clear T registers 
function or the adapter is master cleared. 


Invert Output Parity Upper, Lower (13, 14) 

These codes invert the parity bit for bits 48 through 55 (upper) and 56 through 63 (lower) 
as DMA output data leaves the Disassembly Buffer. Error status register bits 59 and 62 set. 
Force Address Parity Prediction Error (15) 

This code forces the real memory address parity predictor to predict the parity bit will 
change state on every CM reference. Error status register bit 62 sets. This error inhibits 
CM requests until the PP issues a clear T registers function or the adapter is master 
cleared. 

Force Byte Count Equal to Zero (16) 

This code forces the CM request counter to report an error after the PP issues 16 CM 
requests. This condition stimulates the constant CM request counter. Error status register 
bit 62 sets. This error inhibits CM requests until the PP issues a clear T registers 
function or the adapter is master cleared. 

Force Control Register Parity Error (17) 

This code inverts the parity bit for the control register. Error status register bits 56 


and 61 and operational status register bit 49 set. 
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Force Deadman Timer Counter Parity Error (18) 


This code forces a deadman timer counter parity error. Error status register bits 56 and 61 
and operational status register bit 53 set. 


OPERATIONAL STATUS REGISTER 


This read-only register in the DMA Array provides information regarding the state of the 
adapter and IPI channel during DMA transfers. The PP reads this register through the 
Channel Data Bus using the 0700 function. This status allows the PP to control the 
operation of the adapter. MAC also reads this register through the MAC Mux. Bit 
assignments are described in the following paragraphs. 


Parity Errors (48 through 53) 


These bits indicate the parity checkers in the following registers/counters detected a 
parity error. 


Bit Description 

48 Function Register 

49 Control Register 

50 Data Register Input 
51 Data Register Output 
52 T Register Counter 

53 Deadman Timer Counter 


DMA Transfer in Progress (56) 


This bit indicates the JY or LZ buffers contain data. 


IPI Transfer in Progress (57) 


This bit indicates the IPI Array has not sent an inactive out signal to the DMA Array 
indicating completion of the data transfer. 


Output Mode (58) 


This bit indicates the A/D is in output mode. Data flow is from CM to the external device 
or PP. This bit sets during DMA to IPI (0D00) and DMA to PP (0400) functions. 


DMA/IPI Mode (60) 


This bit indicates a DMA/IPI data transfer is selected. 
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PP/IPI Moue (61) | | 


This bit indicates a DMA operation is not in progress. 


T Prime Register Empty (62) 


This bit indicates the T Prime Register is empty and can be written by any of the following 
functions. 


Write T Prime Register (0B00) 
Select DMA to IPI (O0D00) 
Select IPI to DMA (0C00) 
Select PP to DMA (0500) 
Select PP from DMA (0400) 


e@9@ee0 @ 


Transfer in Progress (63) 


This bit indicates the adapter issued a request to CM or IPI and did not 
receive a response. In DMA mode, this bit remains set during the entire 
transfer, provided the T register is nonzero and all outstanding requests have 
not been honored. 


ERROR STATUS REGISTER 

This read-only register in the DMA Array monitors the adapter’s error checking 
circuits to determine if any hardware errors have occurred. The PP reads this 
register through the Channel Data Bus. The PP uses this error status for 
fault isolation and to determine the validity of a transfer. All error bits 
are ORed to form the adapter’s error flag. This register is cleared by a 
master clear (0000) function or a clear error (0100) function. MAC also reads 


this register through the MAC Mux. Bit assignments are described in the 
following paragraphs. 


Illegal Function of Sequence (49) 


This bit indicates an illegal function or sequence of operation. 


Uncorrectable CM Error (50) 


This bit indicates an uncorrectable error responsé was received from CMI. 


CM Reject (51) 


This bit indicates a reject response was received from CMI. 
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Invalid Response (52) 


This bit indicates the response code received from CMI decoded into an illegal value. 


Response Code Parity Error (53) 


This bit indicates a parity error was detected on the CM response code. If LX error (bit 
63) is set, the parity error was detected on the LX board; if not set, the error was 
detected in CMI. 


CMI Read Data Parity Error (54) 


This bit indicates the CMI detected a read data parity error during a DMA output transfer. 


IPI Error (55) 


This bit indicates the IPI Array detected an error. 


DMA Register Parity Error (56) 


This bit indicates the DMA Array detected an error. 


MAC Status Parity Error (57) 


This bit indicates the LX board detected a parity error on status from the LZ board to the 
MAC Interface. 


Timeout (58) 
This bit sets when no activity is detected on the IPI channel for approximately one second 
after an I/O operation is starts. The timer starts after receiving an active signal from 


the PP. The active signal follows an IPI transfer function (XX81). When active, the full 
in or full out signal resets the timer. 


A/D Data Error (59) 


This bit indicates a parity error occurred during assembly/disassembly of CM data. The JY 
error (bit 62) also sets. 


BAS Parity Error (60) 


This bit indicates a parity error occurred in the output or function word received from the 
PP. The LX error (bit 63) also sets. 
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LZ Error (61) 
This bit indicates the LZ board detected one of the following errors. 


IPI Input Data Error 
Input Buffer Data Error 
Overflow Error 

Output Buffer Data Error 


JY Error (62) 


This bit indicates the JY board detected an error. If bit 59 is also set, the error 
occurred during assembly/disassembly and the transfer continues. If bit 59 is not set, one 


of the following errors occurred. 
@ RMA Parity Predictor Error 


e T Register Byte Count Parity Error 
@e Constant CM Request Error 


These errors inhibit CM requests until the PP issues a clear T function or the adapter is 
Master cleared. 


LX Error (63) 
This bit indicates the LX board detected one of the following errors. 
@ LX Response Code Parity Error 


e BAS Parity Error 
@ MAC Parity Error 
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IPI ARRAY 


The IPI Array transfers data between the external device and CMI through a l6-word buffer. 
It also contains the IPI status and error registers. 


IPI STATUS REGISTER 


This read-only register in the IPI Array provides information regarding the state of the IPI 
channel to MAC through the MAC Mux during DMA transfers. Bit assignments are described 


below. 
Bit 
48 
49 
50 
51 
52 
53 
54 
55 


56-63 


Status 
Error 
Attention 
Buffer Not Empty 
Select Out 
Slave In 
Master Out 
Sync In 
Sync Out 


Not Used 


Indication 
Any bit is set in IPI error register. 
Attention in signal from external device is active. 
Sixteen-word buffer is not empty. 
Select out signal to external device is active. 
Slave in signal from external device is active. 
Master out signal to external device is active. 
Syne in signal from external device is active. 
Sync out signal to external device is active. 


Constant zeros. 


3C-20 


IPI ERROR REGISTER 


This read-only register monitors the IPI Array”s error checking circuits during 


transfers. 


Error information goes to MAC through the Mac Mux. 


described below. 


Bit 


48 


49 


50 


51 


52 


53 
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Error 


Buffer Count Parity Error 


Not Used 


Syne Count Parity Error 


Period Count Parity Error 


Function Upper Parity Error 


Function Lower Parity Error 


Parity error or 
counters. 


Constant zero. 


Parity error or 
counter. 


Parity error in 


Parity error in 
word. 


Parity error in 
word. 


Bit assignments 


Indication 


overflow/underflow in 


overflow/underflow in 


sync period counter. 


most significant byte 


DMA 
are 


buffer 


sync in 


of function 


least significant byte of function 


58 


59 


60 


61 


62 


63 


Error 
Not Used 


Lost Data 


ICI Upper Data Parity Error 


ICI Lower Data Parity Error 


IPI Sequence Error 
IPI Bus A Parity Error 
IPI Bus B Parity Error 
Illegal Operation 


Not Used 


indication 


Constant zero. 


External device (bus slave) terminated a data 
transfer and IPL interface buffer is not empty. 


Parity error in most significant byte of data 
transferred on ICI. 


Parity error in least significant byte of data 
transferred on ICI. 


Illegal sequence of control signals in IPI Array. 
Parity error in bus A of IPI channel. 

Parity error in bus B of IPI channel. 

Illegal function code from PP. 


Constant zero. 
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P¥R 2N 
ONE SHOT 


(3.2G.L222) 


ONT OSC 
(3.0,L24) 
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FCTN QUT. FULL BUT, 
ACT QUT. INACT QUT 


® 


BAS PE. LX ERROR. MAC PE. 
RESP C@DE PE 


) 


CNI READ PE. CM REJECT. 
UNCBR CM ERROR, INVALID RESP 


@) 


TRGTR EMPTY 


A/D TIP 


JT BRARD ERROR. 
A/D DATA ERROR 


@) 


NOT BuSY. VALID DATA 


@) 


MAINT INACT. MAINT FULL. 
MAINT EMPTY 


© 


OMA STATUS SEL 
BITS 0-2, CHAN MC 


4) 


DwT_CLK 


CHAN NC. FCTN BUT. ACT QUT. 
A INACT QUT. FULL QUT. EMPTY BUT 


ExT CLK SEL BITS 0-2 
(3) CLK GEN 


DNA BITS 
48-63/PAR UPR. LYR 


(3.2H,LZ21 ) 


ICI-2 DATA 
BITS 0-15716.17 


DMA 
DATA BUS 


INP, DMA MODE. LATCH ENBL IPI BUS A.B BITS O-7/PAR 


(3.0E,1215) (2x8/1 ) 
CHAN IN? DATA BITS 48-63/64 D PORT A.B CONT ENDL 
(2) 
BAS INP, CHAN MC PORT A.B BUS A.B RCVR ENOL 
(2) ( 2x2 ) 2A 
- EMPTY QUT PORT A.B BUS A.B XMTR ENDL 
SEL QUT, SYNC BUT, MASTER BUT 
JQ (3) 
EMPTY BUT, DS HC 


ERROR, ATTENTION, BFR NOT EMPTY, 
SEL QUT. SLAVE IN. MASTER QUT. 
SYNC IN. SYNC QUT E 
CIPI SPERATION STATUS BITS 56-63) 


(2) 


CHAN BUT DATA BITS 48-63/ PAR 


(3.0P.LZ18) 


LOST DATA. ICI UPR DATA PE. 
Shen ae th ICI LWR DATA PE. IPI SEO ERROR. 
IPI BUS A PE, IPI BUS B PE. 
LZ ERROR LED 2A (3) ILLEGAL @PERATION 


(IPI ERROR BYTE 3 BITS 56-62) 


(3.0,LZ21} 
wC IN, CLR ERR@R IN 


2) 


INACT QUT. FULL BUT, 
EMPTY QUT, ERR@R QUT 


BFR CNT PE. SYNC CNT PE. 
PERIOD CNT PE. FCTN UPR PE. 
FCTN L¥R PE 
CIPI ERROR BYTE 2 BITS 56,58-61) 


(4) (3. 1A.LZ2} (5) 
(8) 


START pis MR0E MUX SEL BITS 0-2 


INP, ENB CI 7 9) 


READ TI.T2: FORCE BAS PE UPR.L¥R JT CHAN MC 


(3.1C.LZ16.1T.20) 


q DATA BUS 


DEVELOPMENT 
DIVISION 


WRITE TO.TI 
(2) 0G 
FORCE INVALID RESP. INV RESP C@DE PAR 
(2) OK 
ERROR IN a 
FULL IN, FLAG IN, EMPTY IN, INACT IN 
(4) OF 
CLR A/D ay 
oF Pp 
BUSY. DATA AVAILABLE. END XFER 
(3) 3a 
READ TI, T2 
(2) 48 
FORCE T PAR LON. WRITE TO ‘Ge 
¥R Tl ac 
WRITE Te ae 
FORCE BYTE CNT = 0 4c 
FORCE _ADRS PAR PRED ERROR ‘ 
FRACE CHAN INP PAR 0! 
(2) = 
INV QUT PAR UPR.LYR 
@) * LEVEL | IRA 
(3.0A.LZ3. 11. DMA AND IPI ARRAYS, 

15.17, 19.20.22) ENS. IM 2E 


C NUX 


MAC STATUS 
BITS 56-62/64 


Cet) OA 


OMA STATUS SEL 
BITS 0-2. CHAN 


@) 


IPI DATA OUT MUX, RANDOM DATA GENERATOR, 


DATA PATHS 


The following paragraphs describe data flow through the IPI Data Out Mux, Random Data 
Generator, and IPI Ports A, B Transmitters/Receivers. 


PP AND DMA OUTPUT TRANSFERS 
1. IPI bus data from the IPI Array (1.1B) goes to the IPI Data Out Mux. 


2. Bus out data from the IPI Data Out Mux goes to the external device through the 
transmitters. 


PP AND DMA INPUT TRANSFERS 


Bus data from the external device goes to the IPI Array through the receivers. 


TEST MODE DATA PATHS 


The following paragraphs describe data flow when the adapter is in test mode. 


PP AND DMA OUTPUT TRANSFERS 


1. A block of words (IPI bus data) goes from the IPI Array to the IPI Data Out Mux. 


2. Bus out data goes from the IPI Data Out Mux to the Random Data Generator. 


3. Result sum (ICC-2 data) goes from the Random Data Generator to the DMA Array (1.1A). 


60463540 D 


TRANSMITTERS, RECEIVERS (IPI 1.2) 


PP AND DMA INPUT TRANSFERS 


l. A block of words (random bus data) from the Random Data Generator goes 
to the IPI Data Out Mux. 


2. Bus out data from the IPI Data Out Mux goes to the IPI Array through 
the transmitters/receivers. 


RANDOM DATA GENERATOR 


In test mode, the PP directs the Random Data Generator to emulate the external 
device. Test mode allows testing the adapter’s internal data paths without an 
external device. This generator supplies random data for input transfers and 
produces a check sum for output transfers. 


MAINTENANCE TRANSFER CONTROL 


In test mode, this circuit controls the Random Data Generator. Together, the 
Maintenance Transfer Control and the Random Data Generator emulate the 
external device. These circuits allow the PP to test the adapter when the 
external device is inoperative or not present. 
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(a) PORT A.B BUS A.B 
RCVR ENBL 


(22) BUS A.B RCVR ENBL 


@) 


RANDOM BUS 
A.B BITS 0-7 


(3.3A,LZ11) 


(3. 38,1212) 


IcI-2 DATA BITS O-15716.17 


CHAN NC. FCTN QUT, 
ACT QUT. INACT QUT. 
FULL OUT, EMPTY QUT 


(3.3C.L2Z!4) 


ENSL_T™ 
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TPI BUS A.B BITS O-7/PAR 


INCR DATA, SYNC PULSE IN 


MAINT DATA BUS A BITS 2-15 


STREAM, L@AD SYNC CNTR. 
DSBL SYNC CNIR 


(3.2A-L213) 


MAINT INACT, MAINT FULL. MAINT EMPTY 


SEL GUT. SYNC QUT. MASTER QUT 


© 


PORT A.B BUS A.B RCVR ENBL 


PORT A.B BUS A.B XMTR ENBL 


PBRT A.B CONT ENBL 


@) 


IPI BUS 4.8 BITS O-T/PAR 


Oe!) 


SEL QUT. SYNC QUT, MASTER QUT 


(4) 


PORT A.B, BUS AWB 
BITS O-T/PAR 


2X2xB/ | 


SEL QUT. SYNC QUT, MASTER BUT 
PORT A.B 


(3x2 ) IPI ExT 
DEVICE 


ATTENTION IN, SYNC IN. SLAYE IN 
PERT A.B 


SYNC IN, SLAVE IN. 
SEL QUT, SYNC GUT. 


MASTER QUT 
6) EXT LED 
(3.2,L221) 
ATTENTIBN IN. 
SINC IN. SLAVE IN 
(3) 18 


(3.28,124-10) 


LEV AGRA X 
IPI DATA QUT MUX. RANDOM 
DATA GEN, XNTRS/RCVRS 


ASSEMBLY /DISASSEMBLY, CONTROL COUNTERS (IPI 1.3) 


This diagram shows the data paths from EXTI to CM through the Assembly Buffer and from CM to 
EXTI through the Disassembly Buffer. 


ASSEMBLY 


The adapter assembles 16-bit channel words into 64-bit CM words during DMA input transfers 
as follows. 


1. External device sends channel words to input buffer in IPI Array (1.1B). 
2. T Register Byte Count (1.4A) decrements by two for every 16-bit CM word parcel. 
3. Assembly Buffer assembles four 16-bit parcels into a 64-bit CM word. 
4. Assembly Buffer Output Register sends 64-bit word to CM. 
5. T Register RMA (1.4C,F) increments by eight to set up next CM address. 
6. DMA input transfer terminates when T Register Byte Count equals zero or if external 
device sends an inactive in. 
DISASSEMBLY 


The adapter disassembles 64-bit CM words into 16-bit channel words during DMA output 
transfers as follows. 


l. 


CM sends word to Disassembly Buffer. 
T Register RMA (1.4C,F) increments by eight to set up next CM address. 


Disassembly Buffer Output Register sends disassembled 16-bit word parcels to output 
buffer in IPI Array (1.1B). 


T Register Byte Count (1.4A) decrements by two for every 16-bit word parcel. 
Output buffer in IPI Array sends channel words to external device. 


DMA output transfer terminates when T Register Byte Count equals zero or if external 
device sends an inactive in. 
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COUNTERS 


The Counters keep track of the number of 16-bit words that are being processed by the 
assembly/disassembly circuits. 


CHANNEL GO/CM REQUEST/CM RESPONSE 


These circuits coordinate the DMA assembly/disassembly operations with the CM requests and 


responses. 
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as BYTE CNT=2 CMC BIT 1 oR 2 
CHAN WORD 
CNTR 
BITS 1.2 LAST WORD, 
C¥C BITS 1.2 AND LAST CHC BIT 1 OR 2, 
WORD CWC BIT 1. 
(Hy (2) CWC BLT 2 


4) 


(3.06. J14) 


ADRS 8 1.2.4.8 CM RITE 
@ (2x4) DATA ERROR * 
BFR ADAS 1.2.4.8 
(F) SEL_ACB (3.04, N12) Q ERRORS 0-7 H 
(3.00. ur24) (8) 
Dara BITS | 
ASSY -63/PAR O- 
WRITE WRITE ENGL BER QUT 
©: RGTR JH 
ASSY BFR DATA ASSY BFR DATA 
ASSY BFR BITS 0-63/PAR 0-7 BITS O-63/PAR O-T 
@ WRITE/ CHIP (3. 1B, 017.8) CM DATA BITS J 
G: ENBLS ore 0-63/PAR 0-7 © 
cwe 0-2 CHIP ENBL 0-2 DMA PAR UPR.LWR 
(4) (3.08. Y2) (3) BFR ADRS 1.2.4.8 @) 
). DISASSY BITS DMA BITS 48-63/PAR 
E 0-63/PAR 0-7 DISASST UPR.LWR (0.1) 
DNA PAR UPR.LWR Guid eeco DISASsy BFR QuT 
@) BFR RGTR Cg72) Ic 
CHAN 
(cs FORCE Ah PAR Q.1 (3.0F,.u15.6) DISASSY 
INP 6) = 
poe ee aie ¥RITE? CHIP aries OMA BITS 0-15 
INP PAR 0.1 DMA BITS 0-15 ENBLS gk G 
.0C. 512) (3.10, 
ne @) 3 (16) (3.06. JTS.4) (3. 1A,J¥2) J¥3.10) 
©; (ive) CHAN DATA BITS ©) 
O-15/PAR UPR.LAR 
T PRINE RGTR DATA oy ; 
BITS 0-14 INV QUT PAR 
4A © UPR. LWR ERROR UPR. LWR 
2, BUS. DMA CHC BITS 1.2 1A (2) (2) 4K 
CNTR 
RC=0. 
LAST REQ QUT ut. INP. 
4 LaAD (3.5B.JY2!) (2) os QUT, | (3.1E.4Y24) 
BFR # 0 QR 200 


FATAL ERR@R MHC=0 
4K BUSY, BYTE CNT # 0, 
_ : DATA AVAILABLE, PRESET, 
CE) END XFER AQO-A03. AO. AOT BFR=0 
ie T BIT 44 4E 
1A (3) NOT BUST, 
SEL_ ACB @ VALID DATA 
tA Ne ae LAD BYTE CNT (2) 1A 
REG 
? JG ADRS A 1.2,4,88 
es DMA_M2DE BYTE CNT=0.2 ADRS B 1.2.4.8 
- @ (oa) © 
UG 6,4, 
MWC=0. REC=14, 
Last rea |_(3) OM START OMA BFR<O 
EVEN. 900 RESP (3.44, 5720) S) 
JJ @) CM REQ 4K (N) 
MWC=0, REC=14. DECR 1.2 
BFR=0 
3) RESP ford 2) 7 
(Ny WRITE : G) 
(3.5a, 722) 


(3.4B.J¥23) 


BFR #0 &R BOO ; 
CEVEL 1 DYACRAN CA/ 
GDR] Assemacy. OLSASSEMBLY. 


oo CONTRAL COUNTERS 


DEVELOPMENT 
OIVISION 
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T REGISTER, ERROR SUMMING (IPI 1.4) 


This diagram shows the CM address path for DMA transfers and an Error Fan-In which detects 
JY board errors. 


T REGISTER 


The T Register receives the 16-bit byte count and the 32-bit real memory address (RMA) from 
the T Prime Register. The least significant bit of the byte count, the most significant bit 
of RMA, and the three least significant bits of RMA are not used. These unused bits are 
always zero. The PP must load the T Register through the T Prime Register before a DMA 
transfer may proceed. 


The 15-bit byte count decrements by two as every 16-bit word enters the Assembly Buffer 
(1.3C, DMA input) or leaves the Disassembly Buffer (1.3J, DMA output). The 28-bit RMA 
increments by eight after every CM reference. 


The PP may read the 48-bit T Register by issuing a read T function, activating the adapter, 
inputting three 16-bit words, and deactivating the adapter. 


T PRIME REGISTER 


The T Prime Register receives the 16-bit byte count and the 32-bit RMA from the PP. When 
the T Register is empty (status bit 62), the PP may write the 48-bit T Prime Register by 
issuing a write T function, activating the adapter, outputting three 16-bit words, and 
deactivating the adapter. All three words must be written. The PP cannot read this 
register. 
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When the T Prime Register is full, the contents transfer to the T Register as follows. 


e If DMA transfer is not in progress, T Register Byte Count is zero, and Assembly 
Buffer or Disassembly Buffer is empty, all 48 bits transfer and bit 62 sets in the 
operational status register (1.1A, DMA Array). 


e If DMA transfer is in progress and T Register Byte Count is zero, the 16-bit byte 
count transfers. During DMA output transfers, bit 62 sets in the operational status 
register. 


e If DMA transfer is in progress and last CM reference occurs, the 32-bit RMA 
transfers. During DMA input transfers, bit 62 sets in the operational status 
register. 


CM ADDRESS TO CMI 


This circuit sends the RMA from the T Register to CMI during a DMA transfer. The circuit 
also sends Cache Invalidate to CMI on every fourth and last CM write if bit 48 is set in the 
control register (1.1A, DMA Array). 
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T PRIME RGTR BIT (5. 
BYTE CNT PAR BIT 


FBRCE T PAR LOW, 


WRITE TO 
e @ T PRINE RGTR DATA 
i C T RGIR 

BITS 0-15 | BETS O15) 


(9) J RGTR BITS O-14 
_ (3.2A.uv13) 


BITS 0-15 


ADRS PAR 0.2. 
BYTE CNT PAR 


T RGTR T RGTR DATA 
FORGE BLTS 17-32 BITS 48-63/PAR D 
a 3S (16/1) 06 BYTE CNT=0.2 
BITS 36-51!) T RGTR (2) 30 
T PRINE RGTR PAR 0, em, 
a as BYTE CNT=2 cocnere: 
(15) OR O TEST 7 
sr = (3.38.u717) BYTE CNT=0 
LAST REO 
(3.2C, 
. Jy1@.19) (E) 
BFR=0 
3R 
OL cI 
©) T RGTR ona 
BITS 0-14, I7- R 
aaa 63 = BITS 17-44 e 
1A OLR A/D (3.2D,ur16) 
(6) T PRIME RGTR PAR |. , 
TC CARRY 0-2 
1A WRITE 1 (3.2E. 715) is 
ADRS PAR 0.21 
nas BYTE CNT PAR 
PAR GEN ) 


(3.X.UriT) 


ADRS PAR 0.2 


T RGTR BITS 
18-20,22-24, 26-28. 30-32, 
34-36. 38-40, 42-44 


TAL ERROR =p 
T PRIME RGTR PAR O11 
TC CARRY O-6 
(A) LOAD BITE CNT UY BOARD ERROR, 
T PRIME RGIR BIT 15. A/D DATA ERROR 
BYTE CNT PAR @) r 
FORCE ADRS PAR (D) (2) 
RED RROR 
- : : SS 36 CM WRITE DATA ERROR 
ERROR UPA.L¥R 
oe 2) 
JQ CLR LED (3.68. 5727) = 
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uC@DE BITS 73-75,.85 


2.60") (4) 12 
ry PPMC_CHAN SEL 12 
oS 
2.8(uT) M J 
READ. CHAN SEL 
2.5 JT) MAC LOAD 


RESP CODE BITS 0-2/PAR 


RESP CODE PE. 
2.2(W) READ DATA PE 
@) rr 
2.2056) @ ut 
CLR LED 3 
2.4( U0) MAC DATA TQ 
(LBCATION) 6 
MAC DATA FROM 
a 4ee) (LOCATION) 6 
CHAN INSTALLED 6 
2.8 US) { CHAN TIPE BITS 0-3 
(4) S 
SBC CHAN ERROR 3 
NEM FCTN BITS 0-3/PAR 
2.2( 40) (4/1) Ut 
BASC CHAN FULL. 
ACT, FLAG, ERROR 
Cs) 12 
2.6 uw) 
BASC DATA BITS 48-63/64 
(6/1) 8 
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BASI - IPI 


FCIN 


MAC STATUS RGTR 
BYTES 0-3 

MAC STATUS RGTR 
BYTES 4-T 

MAC MUX BITS 56-59 

MAC MUX BITS 60-63 

MAC INTERFACE 

BAS RGTR 

BAS’ CHAN DATA 8US 

ERROR STATUS/ CLK/ CONT 

T RGTR DATA BUS 

Cw RESP CQ0E 

CM FCTN CQ0E 

CHAN FLAGS AND 
uCRDE XLTR 


MUX SEL BITS 0-2 


EXTI - IPI PORTS A.Bs BUS A.B 


BITS O-7/P 
BAS PE, LX ERROR, MAC PE, FCTN L4 SHEET 6.8.9 pat iy 
: - DATA ERROR. JY BOARD ERROR, rae rae 2X2XB/ | 
TR EMPTY, A/D TIP, RESP 
9 EE OMA ARRAY (3) 
IPI PORT A CONT SEL QUT. SYNC BUT. MASTER QUT 
XMTR/RCVR (a) PORTS A.B 
a oe eae (4) 4.7 (32) IPI EXT DEVICE 
3 DS : XMTR/RCVR (5) 
PP ee iz ATTENTION IN. SYNC IN. SLAVE IN 
CME READ PE. CM REJECT. UNCOR IPI PORT B CONT PORTS A.B 
CM ERROR. INVALID RESP XMTR/RCVR a 4.7 (3x2) 
IPI PORT B BUS A 
XMTR/RCVR (8) 
IPI PORT B BUS B EVEN, 20D RESP 
XMTR/RCVR (9) Been) 22 
FCTN QUT, FULL QUT. PORT A AND B OR GATES (10) : A/D - IPI 
ACT QUT. INACT QUT BUS A AND B BR GATES (10) 
IPI DATA QUT MUX (in) 2.26) e) 22 FCIN L4_ SHEET 
RANDOM DATA GEN-| (12) BSE tots! 
WAINT XEER CAE is FORCE CHAN INP PAR BIT LOW (2) 
MAC STATUS BITS 56-63/64 RANDOM DATA GEN-2 net DMA BITS 48-63/PAR 0,1 ASSY BFR WRITE/CHIP ENBLS ~— (2) 
2.3 Cat) 16.17 | OMA DATA BUS (15) 13 (1672) 11.12 | DISASSY BFR WRITE/CHIP 
MAC WUX BITS 56-59 (16) Keay ee ain 0-31/PAR 0-3 (3) 
3 ERR@R IN 19 MAC MUX BITS 60-63 (IT) BUSY. END XFER ASSY BFR BITS 32-63/PAR 4-7 (4) 
CHAN DATA BUS (18) Y. XFER. DATA AVAILABLE BITS rn 
[rp | ET RS 19) @ Oe eo Last werd “a 
2 TIVECL XLTRS (19) SEL 0-15.16-31 TO CM (5) 
T BAS _INP 1a | TTLVECL XLTRS (20) SEL 32-47, 48-63 12 CM (6) 
LED/CLK/ CONT (21) 19 INP Ba, Pee ot Ren 
: FORCE BAS PE UPR. L¥R . MISC CONT/PYR MC BITS O-31/PAR 0-3 (T) 
ASSY BFR QUT RGTR 
(2) 19 FORCE ADRS PAR PRED ERROR 26 SITs so-65/ PAR A? (8) 
9 CHAN NC ‘é DISASSY BITS O-3!/PAR 0-3 (9) 
ig ey 1¢.22,24,07 | DISASSY BITS 32-63/PAR 4-7 (10) 
WRITE TO-T21 READ TI. 12s oa DI SASSt BUT RSiR 
START DMA: DMA MADE BITS O-7/PAR UPR cH) 
READ 11,12 DISASSY BFR QUT RGTR 
2) BITS 8-15/PAR LAR (12) 
T RGTR BITS 0-1 
INP, ENS&L CI, BYTE CNT SITS 0-15 (13) 
a RESP CODE PAR, FORCE CHAN INP PAR 0.1 T RGTR BITS 1T-32/PAR O 
CE INVALID RESP @) RMA BITS 36-51 . (14) 
T RGTR BITS 33-44/PAR | 
RNA BITS 52-63 (15) 
FULL IN. FLAG IN, T RGTR CONT 16 
EMPTY IN. INACT IN x FORCE 1 PAR Low 13) ty CLK FNO (16) 
BYTE CNT=2 QR O TEST an) 
T RGTR PAR GEN (IT) 
INV QUT PAR UPR. LAR T RGTR MUX BITS 0-€/PAR (18) 
T RGTR NUX BITS 7-15 (19) 
CNTRS (20) 
pica 
CHAN G2/OM REQ/OM 
LOGIC ZERO FNO (23) 
DATA PAR CHECK (24) 
CM ADRS TO CuI (25) 
RMA PAR PRED (26) 
18 ERROR FNI (27) 
CLR LED 2T 


9 DMA M20! 22 


9 


(3) 13.14.16 
10 CLR WD 23 
3 FORCE BYTE CNT = 0 oT 
3 T_RGTR EMPTY 16 


JY BOARD ERROR, A/D DATA ERROR 


: (2) ras 
Wl RESP 22 
10 T RGTR DATA BITS 48-63/ PAR 


DEVELOPMENT 


DATA BITS O-63/PAR 0-7 


1.8 2.2(JH) 
ADRS BITS 36-63/PAR 0-3 
2.2tuJ) 
BIT 63 
e5 ct 2.2 UG) 
2 REQ 
NOTE: 


i. THIS DIAGRAM REPRESENTS QNE IPI 
CHANNEL ADAPTER WHICH MAY 
REPLACE ANY ISI CHANNEL ADAPTER 
SHOWN @N IQU 2.7. NO WIRING 
CHANGES ARE REQUIRED. 
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- FCTN OR FULL 
EXTI FULL_IN 
3.0M 
BAS DATA BITS 48-63/64 
EXTI BAS INP 
3.0P 
T RGTR DATA BITS 48-63/PAR 
(Es READ TI.T2 
EXxTI 
3.0C © mae baal 
CLR _T RGIR 
(i) CHAN DATA BITS 48-63/64 
© FORCE BAS PE LPR, LYR 
EXTI 
3,0C @) 
FCTN @R FULL 
(CF @R FULL IN 
RESP CODE PE 
IC MAC PE 
ie ENBL_MAC PE 
is CLR LED 
RESP CODE PE 
Ja @ 
ENBL CI 
INP 
EXTI 
3.0C 
START OMA 
DMA M20! 


> 


BAS RGTR 
(7) 
OR FULL IN 


(C) (8) 


is EMPTY BAS 
Lo BAS DATA BITS 48-63/64 
gi DaTa BITS 48-63/64 H LD 
CHAN DATA BUS 
(8) 
| siscia ted 
z : ae ce 
CHECK 
D 
(10) 
DATA BIT 64 r; | —aiT 6s 
T RGTR DATA 
DATA BITS 48-63 BITS 48-63/PAR 
(16) aa (16) (16) (16/1) 
A/D -~#(6) (16/1) 
a : 
WRITE TO WRITE TO A/D 
piel READ T ra 
WRITE TI RITE T idee 
¥ | 
EXTI 2) 
3.0€ 
WRITE T2 WRITE T2 A/D ra] CLR_T RGTR 
»2eE 
cence Pee oe 
FORCE BC = 0 FORCE BC = 0 A/D CLR A/D 
3.68 
e CHAN MC 
CHAN WC EXTI 
MAC PE EXTI “ 3.16 
5.0B 
F 
ESPNS CO 
CH) 
INV RESP 
RESP CODE P EXTI QDE_PAR 
3.0C PAR a RESP CODE PE 
CHECK 
/ tee cee 
- | oP RESP_CODE_PE 
E v ED 2 
i oe wad : 
wacen Jd RESP CBDE PE 
BITS O-3/PAR -_ «| 
2 cP —| EXxTL{3) CD WJ READ DATA PE ee 
ENBL = 
: casio aaa ik toes 
5.5A RESP CODE BITS 0-2 145 ERROR 
2 cP 
FORCE INVALID OLY 
EXTI RESP INVALID RESP 
3.0C 5; 
out 


ART DNA A/D 
3.48 
OMA _M20DE A/D 
3.5A 


DEVELOPMENT 
DIVISION 


JW 


EXTI 
3.0B 


‘aie wlan ig. .. 
P| so1ss10 
oF) a 


3C-30 @ 


i A 


MAC STATUS RGIR = = 
2.3) m 


EXTI ERROR IN 
3.0L 
MAC DATA FROM 
(LOCATION) JQ 
MAC STATUS 
bees BITS 56-63/64 
3c (eI) 
BYTES 0-4.6.7 
Cc 
MAC MUX 
(4.5) 
MAC BYTES O-T MAC NUX MAC MUX SEL 
BITS 56-63/64 x BITS 56-63/64 BITS 62-64 
fail SHIFT 
(LOCATION) re] SERIAL INP 
ACT. FULL, FLAG FCTN QUT 
(BITS 60,61,.63) 
AL QUT 
= EXTI 3.08 
ACT QUT 
E = 
INACT QUT 
FULL IN. FLAG IN, = 
EwPTY IN. INACT IN 
OS DS OR MC 
pti a rota |-—-EETY Ov EXTI 3.0P 
R 1d ie | 
EXTI CHAN Mt 
3.0P = BITS 0-3 uCBOE BITS 73-75.B5 sae eae 
+ = 5 p 
ed FCTN QR F oa 
MUX SEL BITS 0-2 
BASC CHAN FULL. 
ACT. FLAG 
(3) JW 


(3) EXTI 3.1C 
a pee ee : 
o @) %) 


AGK 
Al 


LEVEL Ql PE Len pose Fe ae 
MAC INTERFACE. mee 60463540 4 
CHANNEL FLAGS 7 . 

BASI~-IPI 3.1 a - 


604 63540 D , _— 


CHAN_MC(O) (a) 
FCTN QUT 
B FCTN QUT(1). ACT QUT(Z), ; 
BASI FULL BUT INACT QUT(3) | 
3.1D ACT QUT (4) 
INACT @UT 
@) x 
RESP_C@DE PE ICI-2 DATA 
BAS PE = EMPTY QUT(5 BITS 0-15716.17 
Syec LX_ERROR ICI-2 CONT SIGNALS 0-5 C62) lait 
: ICI-2 DATA 6) - 
MAC PE (3) BITS O-1I5V1G.1T 
CMI READ PE a 
BASI Cw REJECT 
UNCR R 
5.0F CU ERROR DMA CONT SIGNALS QUT (2) 
INVALIO RESP (5) BITS 0-23 
Q (CLR A/D) A/D 3.1E,2D, 
ald OMA BITS 
. =e 2 (START DMA) - 
3 CINP) AD 3.5A 
A/D = ECL/ . 
sn { JY BRARD ERROR a G) ; aa Tee BASI 3.0E 
*LTR 
(Busy) 
19) A/D 3.48 
6 (DATA AVATLABLE) 
EF 
NQT_ BUSY (READ T2.TI) ‘ 
A/D a Bond 7.8 @) A/D 3.26, LATCH ENB. 
3.4A YTD DA nies (2) es ee BASI 3.0A 
(22) B19. 1 G) BASI 3.01 
- INACT QUT ERROR Se 
ee MAINT_INACT INACT_IN FF LED 
(4) 2 el . 
- FULL QUT {ENA CL) BASI 3.0E 
MAINT FULL FULL_IN (Gq eR LED 13 (FORCE BYTE CNT = 0) BASI 3.01 
(li) 
" EMPTY OUT 14 (FORCE ADRS PAR PRED ERROR) <6A 
- MAINT EMPTY EveTY_IN (FORCE CHAN INP PAR 0.1) 
cH) 15.18 (2) 3.0D p> A/D P 
TATUS SEL BITS 0-2 
DMA -STA}US. 9 ENBL_TM IT (FORCE _T PAR LOW) CHANNEL. DATA BUS 
IC (3) 2B. SA 3.2A CHAN INP DATA (18) CHAN DATA 
MC IN, CLR ERR@R IN veg ty OUT PAR UPR. LARD BITS 48-63/64 BITS 48-63/64 
PwR_BN MC 1A (2) 3.1E (16/1 3} © | (16/1) 3.0H 
zs PwR ON CLR_IN = 
CHAN MC 2 CINV_ RESP CQDE PAR) ae ey 
Ic 
OR O Fi a Ri ° 
- RRO 21 @RCE_INVALID RESP) 8 OF BAS IN soa > BAST 
io TTL Ck (FORCE BAS PE UPR, LYR) = _ 
Cn c2:25 (2) BASI 3.0A = 
CHAN QUT DATA BITS 48-63/PAR LATCH ENGL (A) CHAN MC EO AN WC 3.E 
AL 
(16/1) ATA CHAN QUT DATA 
BASI EMPTY BUT a a EMPTY QUT 
| sae eee see 
wT 03 
TT pan 
our ax O— & +O ime 3.18 eae , 
XLTR M J 0 LED 
is) FULL IN. FLAG IN, Q TTL 
@) EMPTY IN, INACT IN BASI aol 
N Lp (4) 3.1D 
N . 3.0A © 
Tt DMA MAINT BITS 56-63 
EL 
©) xLTR (8) 1B 
(2 
LEVEL 3 DIAGRAM ‘pmeell toda int 
DMA ARRAY AND DATA BUS, etd 60463540 CF | 
CHANNEL DATA BUS - : 
DEVELOPMENT 
pemmpr sof 
60463540 F 


‘ 3C-32 @ 


ATTENTION IN, 
SYNC IN, SLAVE IN 


2£ (3) 


MC IN, CLR ERROR IN 


@ 


OA ICI-2 C@NT SIGNALS 0-5 


©) 


ICI-2 DATA BITS 0-15V16,!7 


OE (16/2) 


2F 
XT_ IPI CLK 


60463540 F 


PORTS A.B CONT ENBL 


(2) 28 
PORTS A.B. BUS A.B RCVR ENBL 
2x2 2B. 3A 


PORTS A.B. BUS A.B XNTR ENBL 


SEL_ QUT 
SYNC QUT 
MASTER QUT 
ERR@R_BUT OA 


EXT CLK SEL BITS 0-2 
(3) 2F 


INACT BUT OH 
FULL QUT 
EMPTY GUT 


IPL BUS A.B BITS O-7/PAR 
QX8/ 1) —————<-p———= 2¢ 


RROR (56 ) 


| __ATTENTIONST) 
B ee 
STATUS BITS 56-63 


() 


7) 


LOST DATA( 56) 
22 
IPI SEQ ERROR(59) 
IPI BUS B PE(6)) Th eee tis Snenie 
TLLEGAL @PERATION( 62) @ (8) (8) BITS 56-63 BITS 56-63/64 ei 
cp 3.18 
MUX f 
BFR CNT PE( 56) = 
SYNC CNT PE(58) are 
PERIOD CNT _PE(59) 
PE ERR BNE 2 
G) G) 
BITS 57.62.63 
Tm 
DMA NAINT BITS 56-63 ECL | DMA MAINT BITS 56-63 
(8) XLTR (8) 
(20) BITS 56-63 Lad 
0 (8) 
MUX SEL BITS 0-2 (16.17) ova STATUS, 
ae (SEL 4,2. 1) G) 
BE S) 
‘ aa OA 
ECL/ 
BASI CHAN MC mm CHAN 
3.01 XL 


Ll Vv A RAM ae es Dre PO ne 
eT Pot oe 


3C-33 @ 


IPI BUS A.B BITS O-7/PAR 


> 
i] 


IPI 68US B BITS O-7/PAR 
IPI PORTS A.B (a1) 
TRANSMITTERS/ RECEIVERS 
(4-9 


3A 
PORTS A.B. BUS A.B RCVR ENBL aes c IPI BUS A BITS 0-7/PAR 
MAINT DATA BUS A (2x2) | 


x8 |) (a1) 
BITS 2-15 (40) 
ie oe dad i 
ae o an, 
aa 3A BUS A.B PORTS A.B, BUS A.B 
(8) 12 MHz CLK BUS B QUT BITS O-7/PAR a BITS O-7/PAR 


MAINTENANCE TRANSFER CONTROL 
al 


DSGL_SYNC_CNTR 


SEL QUT 
Do |. red PORTS A.B, BUS A.B XMTR ENBL 
cd aad | 
A. TM IPI EXT 
OA PERTS A,B CONT ENBL - DEVICE 
2 a (2) 
1 cP CONTROLLER i 
(PAL) ENSL. 
MASTER BUT mai © [ SEL QUT, SYNC QUT. MASTER BUT 
SEL QUT PORTS A.B PORTS A.B 
cP 
SEL QUT a (2) 3x2 
= tcp 
SYNC QUT SYNC QUT PORTS A.B 
OLY cp INC Qt re] (2) 
SEL QUT. SYNC QUT. 
(3) D NASTER QUT Sr 
ey Cen MASTER QUT PORTS A.B © ip 
cl MASTER QUT re] @) (10) 21) 
(a Y KA Tt 3B 
ATTENTION IN PORTS A.B 
ac STREAM 6) 
SYNC IN PORTS A.B 
MAINT SYNC IN (2) (4) 
F b SLAVE IN PORTS A.B 
| 1 : i. > 
ATTENTIQN IN. SYNC IN. SLAVE IN, E 
Tl ak PORTS A.B 
OA. 1A, 3C G 
IPI ExT 
| DEVICE 
vB) PWR PWR_ON MN (10) 
ON 
ONE , 
C SHOT A 
: 38 (PAL) (3) 
BWR 2 
+5 V SYNC IN, 
22 SLAVE IN EXT 
(2) LED 
21) 
ATTENTIQN IN. SYNC IN, 
EXT IPI CLK ‘a SLAVE IN 
(3) 1A 
EXT CLK 
SEL BITS 0-2 
(SEL 4.2.1) 
1A (3) 


LEVEL AOKAN ) We DER ard NO Goes 
om ates Ll Ie 
EMINENT CLOG ee 7 ——wr 
pacuhvonaeas EXTI-IPI 3.2 am - 


60463540 D | 30-34 


as 


A 


[PI DATA QUT MUX 
(tt) 


IPI BuS A 
BITS O-T/PAR 


PBRTS A.B BUS A 
RCYR ENBL 


P@RTS A.B BUS B 
RCYR ENBL 


IPI Bus 8 
ze Gi) 


ENBL_TM 
on FULL ouT 


ICI-2 DATA 
BITS 0-15/16,17 


RANDOM BUS B 
BITS 0-T 


O- O (6)-8 
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BUS A BUT BITS O-T/PAR 


BUS B QUT BITS O-T/PAR 


B 
RANDQM DATA GENERATRR-| 
MAINT DATA id MAINT DATA 
a es see DUO (cS 
G : (6) (—>— 2 


RANDOM BUS A 
BITS 0-7 


RANDOM DATA GENERATOR-2 
14) 


DSBL_SYNC_CNIR 
he 


STREAM 


BUS BITS 0-15 y 
L@AD 
SYNC_CNTR i 
LBAD SYNC_CNIR 
[ |.™~—tS te . 
MAINT EMPTY be BaD Oe (E) 


CHAN NC. FCTN BUT. 
ACT QUT. INACT QUT 


4) 


MPTY 2 


DATA BUT MUX. a 60463540 PD 
ANDQM DATA GENERATORS - : 
eS ae 


x-3 


Ww 


4A 


4A 


48 


4A 


©) 


38 


4A 
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ADRS B 1.2.4.8 


(4) 


SEL_ ACB 


DMA PAR UPR. LY¥R 


@) 


FORCE CHAN INP 
PaR 1.0 


@) 
(8) 


ASSEMBLY BUFFER 


BFR ADRS 1.2.4.8 


EXT 


CHANNEL WORD COUNTER BITS 1.2 AND LAST WORD 
(4) 


cwe BIT 1 @R 2 


48 


1D 
PAR 0.2.4.6 
) Lo} (e48) 
@) 
BITS O-T. 16-23. 
32-39.48-55 


@) 
BITS 8-15.24-31. 
40-47 56-63 
@) 


ASSEMBLY 
BUFFER 


(3.4) 


Gia afe) 


© 


ASSY BFR DATA 
BITS O-G3/PAR 0-7 


Tl 


SELECT TO Cu 
(5.6) 


c 
CHECK (8) 1B 
CM WRITE DATA ERROR 6B 
ASSY BFR DATA 
BITS 0-63/PAR O-T 
64/8 i8 
WORD _INP 5A 
NOTE: 
A\ CHIP ENABLE IS NOT USED FOR BITS 48-63/PAR 6.7. 
SEQUENCE 1S: 
CHP ENB BITS 
0 O-I5/PAR O.1 
1 1G-3I/PAR 2.3 
2 32-47/PAR 4.5 


AGRA 
DIRECT MEM@RY ACCESS 
DATA ASSEMBLY 


sil EO 


P y0-1PI 3.0 | 3.0 


x-3 


fo) 
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B 
ASSEMBLY BUFFER QUIPUT RGTR 
ASSY BFR DATA {7,8) 
BITS O-63/PAR O-T BITS 0-63 
G4) 

(6) PAR RGTR 

0-7 
ERRERS 0-7 PAR 0-7 
(8) CmO 


A 


DISASSEMBLY BUFFER 
WAITE/CHIP ENABLES 
(2) 
BFR ADRS 1.2.4.8 


CHIP ENBL 0-3 
4A (4) | @ }{4) (4) 
| ae 
SA BUS Pe | WRITE ENGL 
DATA BITS 0-63/PAA 0-7 (a) m 
JH 
=| 


CM DATA BITS 0-63/PAR O-T 
(64/8)->} 5 | 
E 
CHAN DATA 
BITS 0-15/PAR UPR.LER ERRBR VPR.LYR 
a PAR 
(8) CHECK (2) 
EXTI (2) 
3.0G UPR LIER 
[e+ @) (2) 6B 
(4) BS -} +2] 
EXT! CUR A/D 
3.0C 


DISASSY 
BITS O-63/PAR 0-7 


DISASSEMBLY BUFFER SUTPUT RGTR 


Ctt.l2) 


BITS O-7T/PAR O, 
1G-23/PAR 2, 
32-39/PAR 4, BITS O-T/ CHAN DATA 
48-SY PAR & PAR UPR BITS 0-15/PAR UPR.LYR 


Cee) 8) 


BITS S-I5/PAR 1, 
24-S1/PAR 3. 
40-4T7/PAR 5, 


BITS 8-15/ Deus BITS 48-64 


56-GA/PAR 7 PAR L¥R PAR UPR.L®R 
(i872) at 
3.0E 
DMA BITS 0-15 
KH) (16) OE 
DMA PAR 
LPR. LAR 
(2) 0D 


NOTE: 


Z\, CHIP ENABLE SEQUENCE Is: 


CHIP_ENBL BITS 
) O-15/PAR O.1 
16-3I/PAR 2,3 
2 32-AT/PAR 4.5 
3 48-G3/PAR 6.7 


iad ke 


3-3 


~ 


> 


T RGIR BLTS O-15 (BYTE CANT BITS 0-15) 
FORCE T (13) 
EXTI PAR LOW 
3.0C ? 
T RGTR BITS O-15/PAR Loe bis 
Oy (C) 


T PRIME RGTR 
BYTE CNT PAR BIT 


T PRIME RGTR 


PRINE 
oT a i oie 
ial a DATA BITS 0-14 ae BYTE CNT PAR 
T RGTR c 
BITS 0-14 


(8) LBaAD BYTE CNT T RGTR BITS 17-32 ia BITS 36-51) 
14 


T PRIME RGTR 
PAR O 
DECR | 


4B (BITS 11-14) 


AR 

T AGTR BITS 0-15 -_ ea 

(Oj (6) SIT 0 
DECR 2 BITS 1-15 

4B (BITS 0-10) © 


T 
BASI WRITE T1 PRIME 5) TC CARRY 3-6 
3.01 oi yd 
T AGTR DATA 
T PRIME RGTR hal BITS 48-63/PAR 
D ©); (ef # H(i9) CDanett) 
TRGIR CONTROL 
ar: A 
T RGTR 
REQ BITS O-15/PAR 
e | Bader nei cD 
GA 
EXT! CLR_A/D i INCR 
a LAST REQ g LBAD T PRINE RGTR 
() PAR PAR | 
6A (18.19) 
| — | 5B.6A BITS 45-47 
T RGIR BITS O15 BITS 13-15 aI G) 
we T AGTR ©; (16) (3) 
= 3.0B © T PRIME RGTR | READ T1.T2 (SEL 1.2) 
4A B (E) EXTI (2) 
AB) WRITE T2 -. 3.00. 
T RGIR BITS 17-32 
ve TC CARRY 0-2 a 
3 OL 3) GA T RGTR 
T RGTR BITS 33-44 BITS 17-44 
(2) 8) 3c 
38 (8) T RGIR BITS 18-20,22-24, 
aap BIT 44 én 26-28, 30-32. 34-36, 38-40. 42-44 
21) 6A 


fb onsss10 
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T RGTR BITS 0-14 


T RGTR BITS 17-44 


28) 


ae LAST REQ 
BAS! CI 
3.0E 
BYTE cnT=2 -—8© =0 2D, 4B.68 
QR O TEST BUS REQ 
BYTE _CNT= 2 
(7) 06,48 


T RGTR BITS 17-44 


és) 


T RGIR BITS !T-23 


T RGTR BITS 24-31 


T RGTR SITS 32-39 


@) 


T RGTR BITS 40-44 


) 


cI 


ADRS BITS 36-63 
1T-44 €) 36-63 


ADRS 
BIT 63 


JG 


JJ 


ee ed 


30-39 


0G 
1A 
é B 
CQUNTER CONTROL (n) 
(0) . (23) . ss 
= QUT 
EXTI BUSY —| =| [e| DECR I 2A SOF 
3.0C 
(C) VALID 
(BY NOT BUSY OF SA 
(E) aoe 
EXTI DATA AVAILABLE | RGTR WRITE 08 
3.0¢ 6) Te 
2D.5A 
aa ae re i 
BASI CLR A/D DECR 2 REC=14 SA 
_ eee IRN SEY 
BFR2O BR 200 
aes Pie tees 
ere ee tne 
a BITE_CNT=0 =H «| acm BYTE CNT#O 
| : 
Tl 
BASI START _OMA PRESET 
3.06 VALID " 
B THO VALID . (c) 
(ay = VALID DATA EXTI 
3.OF 
ADRS A 1.2.4.8 
CNTR OA 
EXTI END_XFER ) 
3.0C 
oc ye BIT _| OR ¢ Ee wi! 
ADRS B 1.2.4.8 
ADRS 
CNTR (4) OA 
B 
(FY DECR 2 feel 
5A Qu_REG_INP (8) |e | 
5A RESP_ QUT fe] : 
VEL AGRON (JY 1 le 
ey ea, ae eo 
SE VELEPIE WT RESPONSE, AND £ “ 
Soe ene MD-IPI 3.4 ee 
60463540 F 


> 


CHANNEL GO/CM REQUEST/CM RESPONSE 
(22) 


<5 ae ‘i 
EXTI INP 

3.00 fe | ne 4B 
ee ee ee = (a 


INP 
dd EVEN RESP re] ; 


20D RESP = 


4A 


IS 
8 
> 
Pad 


8 
* 
8 


©) 
2 
R 
(7) 


9 
33 @e 


SEL ACB: 
INP ¢ GO-| + BUT * W-2 


REQ: 
SET EVEN + SET BDD 


CM REQ OUT: 
QUT ¢ CM REQ 


CM REQ INP: 
INP © CM REQ 


RESP OUT: 
QUT ¢ EVEN RESP 


RESP: 
EVEN RESP 


SET EVEN: 
EVEN ¢ T BIT 44 
» GO-! © REC=14 
CINP © MAC=O + 
QUT * RC=0) 


LOAD EVEN: 
Tl ® EVEN RESP ¢ 200 RESP 


SET _ ODD: 
200 


REQUEST CBUNTER 


(BY, CM REQ 


T PRIME RGTR 
DATA BITS 0-14 


= © 


> 
n 
= 


cm cat 
Sa § 


B 


R BERFO BR 200 


SE Ba 
fe | 
a 
8 
& 


QUT « RC=O) 


LOAD ODD: 
TI © @0D RESP © EVEN RESP 


LAST REQ 3a 
LAST REG 2D 


a ee 
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-—_ 


2e 
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ADRS PAR O 
ADRS PAR 2 
T PRIME _RGTR PAR O 


T PRIME RGTR PAR |} 


INCR 


L@AD 


GATED _T! 


T RGTR BITS 18-20.22-24, 
26-28. 30-32 134-36, 38-40, 42-44 


@!) 


TC CARRY 3-6 
(4) (SEL_ 4-7) 


TC CARRY 0-2 


(3st I= 


FORCE ADRS 
PaR PRED ERROR 


REAL MEM2@RY ADRS PARITY PREDICTOR 
(26) 


PAR PRED ERROR 


2A 


2A 


JQ 


ERROR FAN-IN 


(2T) 


R_A/D 


FORCE BYTE CNT=0 
BYTE _CNT=0 


Ou REC 


| @ | RGTR 
et ae 
RGTR ie | 
BYTE CNT PAR Gy 


we, 
T PRIME RGTR BIT 15 eo 
Z} 
peel 


T PRIME RGTR 
BYTE CNT PAR 


CM_¥R. DATA ERRSR 
ERROR UPR. LOR 


VEL A 
ERR@R DETECTOR 


DEVELOPMENT 
OLVISION 


FATAL_ERROR 


JT_ BOARD ERROR 


A/D DATA ERRER 


EXTI 
3.0B 


OM RRITE DATA BUS 


MASTER CLK CM READ 
NIO CLK DATA BUS @o | 
FNO 


READ READ 
ADU 2/3 | ADU 4/5 cwc 
CIO CLK CMI 
FNO CONTROL 
JE JF 
ee 
ADU SSS cmc 
CONTROL CM READ DATA (16/1) 


IST.cy!70. IPL 
ISI. IPI 


IsI.cyi70. IPL 
Ist. IPr 


ISI.Cv!70.IPL 


PP 5-11 ISI. IPI 


IsI.cy170. IPL 
IsI.IPI 


clic ci lc cj fc ci jc cific c}]c¢ c| ic 
H H H H H H H H H H H H H HK 
A A A A A A A A NU A A A A A A 
cri7o N N N N N N N N N N N N N N 
CHAN 
o| ft 2! |3 4] [5 6] |7 26| 27 30} 43! 32] 133 RI 4,5,6 
(NOT USED) 
JL JL JL JL JL 
NOTES: 
TO/FROM TO MAINFRAME ELEMENTS ZN. DMA_CHANNEL ADAPTER BOARDS: 
C0545 ISI = Ux.JY.JZ 
CYITO = KX.JY.KZ 
a IPI = LX. JY.LZ 


3 
3 


14 
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ABBREVIATIONS 


ACA, B address counter A, B DMA direct-memory access 
ACK acknowledge DMT deadman timeout 
ACT active DS deadstart 
A/D assembly/disassembly DSBL disable 
ADRS address DSC display station controller 
ADU assembly/disassembly unit 
ASCII american standard code for information interchange EC environmental control 
ASSY assembly ECL emitter-coupled logic 
ASTIG astigmatism EL error in 
EID element identifier 
BAS barrel and slot; barrel ENBL enable 
BAST barrel and slot interface EPROM erasable programmable read-only memory 
BFR buffer ESM extended semiconductor memory 
BSR bit significant response EXCH exchange 
BOUND boundary EXTI external interface 
BIF branch test failed 
FCIN function 
CAL calendar FF flip-flop 
CHAN channel FIFO first-in first-out 
CHAR character FNI fanin 
CI cache invalidate FNO fanout 
CIO concurrent input/output FS1, 2 fault status l, 2 
CLK clock 
CLR clear GEN generator 
CM central memory 
CMC central memory control HLDG holding 
CMD command 
CMI central-memory interface Ict integrated control interface 
CMPR compare INACT inactive 
CNT count INCR Increment 
CNTR counter INH inhibit 
CONT control INP input 
COR corrected INTRPT interrupt 
CP clock period INV invert 
CPU central processing unit rou input/output unit 
CRT cathode-ray tube T/o input /output 
CWC channel word counter Ipt intelligent peripheral interface 
aSb. intelligent standard interface 
DCDR decoder 
DECR decrement LDS long deadstart sequence 
DISASSY disassembly LED light-emitting diode 
DLY delay LWR lower 
MAC maintenance access control 
UNDERLINED: Abbreviation always used. MAINT maintenance 
MC master clear 
MCC major cycle 
MCH maintenance channel 


60463540 F B-1 f 


MED medium 

MEM memory 

MHz megahertz 

MRA, B maintenance register A, B 
MUX multiplexer 

MWC CM word counter 

NCODE nanocode 

NIO noncurrent input/output 
ns nanosecond 

OL options installed 

OP operand 

OPCODE operation code 

0S operating system 

OSB operating system bounds 

OSC oscillator 

OUT output 

OVFL overflow 

P program address 

PAL programmable array logic 
PAR parity 

PC parcel counter 

PE parity error 

PP peripheral processor 

PPM peripheral-processor memory 
PROM programmable read-only memory 
PRED predictor 

PWR power 

RAM random-access memory 

RC request counter 

REC response counter 

RCVR receiver 

ROC CM request output counter 
RDY ready 

RECONFIG reconfiguration 

REGEN regenerated, regenerator 
REQ request 

RESP response 

RESYNC resynchronize, resynchronizer, resynchronization 
RGTR register 

RI radial interface 

RMA real memory address 

ROM read-only memory 

RTC real time clock 

SEC DED single-error correction/double-error detection 
SEL select 

SEQ sequence 

SIG signficant 

UNDERLINED: Abbreviation always used. 
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small 
subtract 
synchronize 


T counter 

transfer in progress 

test mode 

two-port mux 
transistor-transistor logic 
time 1 


universal asynchronous receiver/transmitter 
microcode 


microsecond 
unconditional 
uncorrectable 
upper 

utility channel 


transfer 
translator 
transmitter 


sre 
aera 


gn? to se ia y 
| | 
\ 5 \ : e XQ . NS 
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